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To: The Right Honourable Barbara Castle, M.P., Minister of Transport 



1. We were set up in June 1964, by the then Minister of Transport, 
the Right Honourable Ernest Marples, m.p., 

‘To advise the Minister on future trends in the design of 
power-driven road vehicles, with particular reference to their 
use in towns.’ 

We were constituted as a Steering Group for this study, a separate 
Working Group being set up to undertake the more detailed 
studies needed. This soon became known as the ‘Cars for Cities’ 
study and we have adopted this title for our report, even though 
it is not a wholly apt description of the field defined by our terms 
of reference. In announcing the study in the House of Commons, 
the Minister said: 

‘In Traffic in Towns, Professor Buchanan drew attention to 
the tremendous impact of the motor vehicle on our way of 
life. I wish to announce two further developments. 

First, the future of the motor vehicle. We all accept that it has 
come to stay but just as the towns of the future must be 
rebuilt to come to terms with the motor vehicle, so the motor 
vehicle must be designed to come to terms with those towns. 
For example, can’t we design vehicles whose size, power and 
manoeuvrability make them more suitable for town use. And 
can't we reduce such things as noise and fumes. There are 
many aspects of design to be studied.’ 

We have been guided by this statement in interpreting our terms 
of reference. We have considered aspects of vehicle design that 
affect traffic congestion, parking space, air pollution, traffic noise, 
road safety and, simply, the intrusion of cars and vehicles 
generally. Our terms of reference related to aU types of road 
vehicles but the predominance of cars among vehicles (in 1966 
they constituted over two-thirds of all vehicles registered in this 
country), and the forecast rate of growth of car ownership (the 
forecasts show a rise for cars to over four-fifths of ail vehicles by 
1980) has led us to direct particular attention to them. 

2. Out terms of reference were related to the vehicle but the study 
has shown that, as far as the size of vehicle is .concerned, very 
little benefit from reduced size can be realized without making 
changes in traffic additions - in particular by segregating smaller 
cars from larger vehicles. We discuss this in more detail later, but 
the significance of segregation can be seen from the Working 
Group’s estimate that average sized cars, jf they could be 
given traffic routes to themselves, could move about a quarter as 
many people again in the road space they need when being driven 
in mixed traffic lanes 12 feet wide. In the same road space, 
present day very smaU cars<3> could increase capacity to a little 
over one and a half times while the ‘optimum’ vehicle that the 
Working Group have been able to envisage could increase it to 
just over twice the present level. On the other hand, the benefits 



The Minister’s second announcement dealt with a report on ‘Road 
Pricing. The Economic and Technical possibilities’, hmso, 1964. 
(2) i.e. about 14 ft 0 in long and S ft 2 in wide, such as the Ford ‘Cortina* 
or Hillman ‘Minx*. 



from even the ‘optimum’ vehicle when it is used in mixed traffic 
are only 10-15%. In short, there is very little benefit, in terms 
of space needed while moving, from smaller cars unless there are 
accompanying changes in traffic conditions. It follows that to 
have restricted the study solely to the vehicle, without regard to 
traffic conditions - and in particular to parking facilities - would 
have precluded an assessment of the full range of benefits 
potentially available from developments in car design itself, 

3. The Buchanan and Crowther Reports^*) analysed some of the 
problems created by traffic in towns. They brought out clearly 
the difficulty of adapting towns to the potential growth of car 
traffic, particularly if urban environment is to be improved. They 
showed also that solutions based solely on town planning and 
road building, necessary though these are, are fraught with great 
difficulties in this country. Our heritage of buildings worthy of 
preservation; the spider-web pattern of roads - as opposed to 
the grid-iron pattern often found in tbeusA; the lack of available 
land for the development of low-density, highly-motorised forms 
of urban community ; all these-added to the difficulties of finding 
solutions to the problems tackled in ‘Traffic in Towns’, and 
contributed to the immensity of the task of solving them. 

4. We accordingly regard our study as complementary to the 
Buchanan and Crowther Reports. Accepting the analysis 
developed in those reports, we have gone on to consider what 
changes in the design of vehicles could contribute towards 
solving the problems of traffic. 

5. We were not given a fixed time-scale against which to work, 
nor have we restricted ourselves to a single time-span. In, say, 
30-40 years many developments involving either mechanical 
invention or major measures of urban renewal and re-planning - 
may have occurred. But less relief can be looked for from these 
sources in a shorter period. Moreover, present forecasts show 
that the rise in car ownership will become much less steep in the 
1990s. It is, therefore, during the next 20 to 25 years that any 
relief will be particularly valuable. On the other hand, the 
nature of the motor vehicle research, design and production 
processes are such that many of the major design features of 
vehicles that will be produced over the next four or five years 
have already been settled. This means that consideration of 
developments that might contribute to the quick solution of our 
problems has to take account of design decisions that have 
already been taken by motor manufacturers, with export require- 
ments particularly in mind. 

6. We have conceived our task as a Steering Group as being - 
first, to provide the general direction for the detailed studies of 
the Working Group and to review them as they progressed, and, 
second, to make a general appraisal of the conclusions reached 
by the Working Group and to evaluate their broad implications. 



i.e. about 10 ft long and 4 ft 6 in wide, such as the British Motor 
Corporation’s ‘Mini’. 

<*> Traffic in Towns, HMSO, 1963. 



Printed image digitised by the University of Southampton Library Digitisation Unit 



For these findings we must accept responsibility. The detailed 
analysis done by the Working Group remains their work. Their 
report follows. We do not propose to summarise it but we think 
it may be desirable, before commentmg on it generally, to set 
out, in relation to each chapter, what we consider to be the main 
conclusions. 

7. In Chapter 1 of their report, the Working Group review the 
general social and town planning background to the problem. 
They reach the conclusion that, althou^ the next 20 years may 
see far-reaching changes in working and social habits, there will 
remain in towns the need, as we know it today, for moving large 
numbers of people over an enormous variety of routes, with 
particularly large numbers involved in the daily tidal flow to and 
from work. A continuation of present policies will mean an 
increase rather than a decrease in traiBc congestion, so that any 
contribution that the design of the vehicle can make to solving 
this problem will be worthwhile. 

8. We agree with this conclusion. But we consider it essential to 
point out that traffic congestion at present is greatly aggravated by 
the low level of expenditure on new roads in towns. The Buchanan 
Report drew attention to the disparity between expenditure on 
buying and running vehicles and on building the roads needed 
for their use and emphasised that this was a problem that society 
must face. We not only endorse this view; we are convinced that 
the disparity must be reduced by greatly increased expenditure 
on roads even if this means spending less in other sections of the 
economy. It is a matter of common observation that the rate of 
urban hi^way building - and indeed highway building gene’ all y 
- in this country lags behind that of other advanced countries 
with acute traffic problems. As a consequence, we have the worst 
traffic conditions of any country in the World. We think the 
Working Group right to conclude that planning and highway 
solutions alone cannot cope with all our traffic problems, but we 
believe that they are by far the most important factors in resolving 
our traffic congestion. 

9. In Chapter 2 of their Report, the Working Group discuss the 
importance of vehicle characteristics, such as dimaisions and 
performance, in relation to conditions in towns. The analysis 
has been used to determine the desirable characteristics of 
specialised cars for use in towns and to assess the benefits to be 
got from such cars. We are glad to note the contribution that 
experimental work at the Road Research Laboratory has played 
in the analysis of, for example, the significance of vehicle width 
in traffic conditions. Nevertheless there must remain the risk 
that the behaviour of a wider cross-section of drivers under 
ordinary traffic conditions will be different from that observed 
under laboratory conditions, even when on a full-scale test track. 
We think that what has been done is entirely adequate to 
demonstrate, in the way that was needed for this study, the road 
space needs of cars of different sizes and hence the potential 
savings from very small cars. But we think that further invefri^a- 
tions should be made, with a wide range of different types of driver, 
to decide finally the minimum width of lane needed for small car 
traffic. 

10. Chapter 3 of the Working Group’s report relates to what is 
perhaps the central theme of this study - the scope for greater 
use of personal transport in towns - and we discuss this fully 
later. At this stage, we look at Chapters 4 to 9 which deal with 
some of the more general problems of vehicles in towns. 

11. The Working Group discuss taxis in Chapter 4. They point 
out that in many tovras there is already considerable freedom 
for operators to use the sorts of vehicles that will suit their and 
their customers’ needs. But in some cities, notably London 
conditions are much more restrictive. Although the purpose 
built London-type taxi seems to the Working Group - and to 
us - to fulfil its role well, we are much less satisfied that London- 
type restrictions act in the best interest of the travelling public, 
vi 



We believe that the taxi has an even more important role in the 
future in providing personal door-to-door transport in towns 
and we agree with the Working Group that there may well be 
scope for a wider range of taxis than are allowed in some places 
at present. It seems to us that a taxi capable of carrying two 
passengers and luggage would be adequate for most journeys. 
Similarly, we think there is a need for larger vehicles carrying per- 
haps 12 or more passengers, which would bridge the gap between 
the present four seat taxi and the high capacity town bus. Such 
vehicles could, for example, cater forjourneys between hotels and 
air and rail termini, central car parks and shops and also trans- 
city journeys for commuters. We are satisfied that the statutory 
framework should be altered to ensure that taxis can be developed 
which not only attract the car user and possibly reduce operating 
costs but are also able to take advantage of any special segregated 
road facilities which may be provided in cities. 

12. Chapter 5 of the Working Group’s report relates to buses. 
The Working Group conclude that in future more specialized 
vehicles may be needed in place of the general-purpose bus of 
today. They suggest that a greater variety of bus designs may 
help operators to provide a more attractive service to the public. 
This may well be essential if the emphasis at present being put on 
the role of public transport in towns is to be realised, particularly 
since the public is increasingly becoming a car-owning public, 
accustomed to the standards of convenience and comfort that 
the private car can provide. These are high standards against 
which to compete and as yet we see little evidence, either here 
or abroad, to suggest that public transport operators are, in 
fact, generally able to provide a service likely to attract the car- 
owner, except when there are very great restraints on the use of 
cars. We think it important to press on with anything that can be 
done - by experiment or otherwise - to find out what sort of buses 
or services are most attractive to the public. We think practical 
experiments in this field are worth far more than theoretical 
discussion. 

13. In Chapter 6, the Working Group draw attention to the fact 
that, although the commercial vehicle is an essential user of town 
roads, it is also a significant, cause of traffic congestion, both 
when moving and when parked at the kerbside whilst loading 
and unloading. They emphasize the trend towards larger and 
more specialised vehicles, the need for better loading and un- 
loading facilities, preferably off the street, and the probability 
that traffic conditions will bring radical changes in present 
patterns of operation. All this will lead not only to changes in 
vehicle design and performance but also to the need to concen- 
trate loading and unloading at the times and in the places of 
least congestion. This emphasizes the need to provide more 
adequate facilities for this purpose so as to secure the more 
efficient use of goods vehicles. We believe, therefore, that more 
impetus will need to be given to the use of mechanical handling 
equipment, removable containers and the provision of off-street 
loading and unloading facilities, coupled perhaps with the 
development of common interchange points away from town 
centres and greater use of scheduled services on designated 
routes. The way in which the goods vehicle should be developed 
to meet the changing needs of the community will obviously 
require careful appraisal of all the factors involved. But we feel 
that tlw trend is likely to be towards larger but more specialised 
operating units and we support the trend towards higher power 
to wei^t ratios, better acceleration and improved braking for 
commercial vehicles. Particular attention will also need to be given 
to the reduction of noise if collection and delivery of goods at night 
is to become more widespread. 

14. Chapters 7 and 8 of the Working Group’s report relate to 
safety and to vehicle noise. There are two general points we wish 
to make. On safety, we should like to emphasize both the need 
for more research and the importance of very close links between 
the research workers - in both the public and private sectors - in 
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this 0eld and the vehicle manufacturers. Over the last few years 
much closer relations have been established and we cannot 
emphasize loo strongly the need for effective and continuous 
collaboration on road safety. 

15. On noise, the Working Group took as a starting point the 
Wilson Committee’s proposed limits. This was no doubt sensible. 
But the Wilson limits were arrived at after a ‘jury’ of observers 
had given their view on the noise levels acceptable from various 
classes of vehicle. Such views must, inevitably, reflect to some 
extent present experience of vehicle noise and we think 
were it practicable to produce very much quieter vehicles, there 
might well be a public demand for much higher standards than 
those proposed by the Wilson Committee. It is clear from the 
Working Group’s report that there are big engineering difficulties 
in reducing noise from heavy goods vehicles. We think more 
research should be devoted to this. 

16. Chapter 9 of the Report relates to air pollution, on which a 
great deal of work is being done. Air pollution from motor 
vehicles has led to some public concern and we think, therefore, 
that it is just as important to set public opinion at ease where, 
in fact, no identifiable hazard to health exists, as it is to draw 
attention to any circumstances where there is a need for public 
action. The Working Group, on the basis ofwork by the Medical 
Research Council and the Warren Spring Laboratory of the 
Ministry of Technology, draw attention to the possible health 
hazard from carbon monoxide from petrol engines but also 
report that there is no conclusive evidence that black smoke 
from diesel engines is a hazard to health - however obnoxious it 
may be. 

17. We think it important that the air pollution problem should 
be viewed over a sufficiently long period. This, in fact, increases 
the possible significance in this context of the motor vehicle. 
In most British cities at present, the industrial and domestic use 
of fuel is responsible for most of the air pollution. But clean air 
policies for cities, improved methods of burning fuel and the 
prospects of increasing proportions of our energy requirements 
bemg met from nuclear sources and natural gas are likely 
steadily to reduce pollution from industry and from dwelling 
houses. At the same time the vehicle, and particularly the car, 
population will be rising rapidly. The significance of pollution 
from vehicles as a proportion of total atmospheric pollution 
is dearly going to increase. 

18. The Working Group have suggested possible standards for 
black smoke from diesd engines and an interim limit on carbon 
monoxide emissions from petrol engines. It seems clear to us that 
statutory standards will be necessary to achieve the sort of reduc- 
tions in pollution from motor vehicles that are now appropriate. 
But circumstances wiU change and we think it essential that any 
standards should be kept under review. The possible changed 
significance in future of petrol vapour and oxides of nitrogen 
provides an example of the need for this. The requirements of the 
export trade mean that our manufacturers are already developing 
the means of meeting the air pollution standards being imposed 
in the United States of America. We see no immediate need to 
apply such stringent standards to meet the very different problems 
In this country. Nevertheless, there is no room for complacency 
and we are satisfied that there is evidence of a growing need for 
more effective controls which must, of coitrse, be properly 
related to the needs of this country. In the meantime we agree with 
the Working Group's suggestions that a limit should be placed on 
the amount of carbon monoxide emitted and that crankcase fumes 
should be returned to the inlet side of the engine, as this can 
achieve a useful reduction in hydrocarbon pollution at little cost. 

1 9. From Chapters 1 and 2 and 4 to 9 of the Working Group’s 
report it is clear that there is some scope for improvement in 
many of the ways in which motor vehicles impinge on towns. 
But there is little doubt that the big problem is the enormous 



and rising number of private cars and that the most benefit 
would be gained by segregating them from other types of traffic. 
We now look at this in more detail. 

20. Chapter 3 of the Working Group’s report considers the scope 
for greater use of personal transport in towns. The Group have 
identified the design features they consider desirable in cars 
intended specifically for use in towns. They have also considered 
the sort of highway and parking facilities that would be needed 
to get the most benefit out of such cars. Various other proposals, 
such as travelators, are often put forward as solutions to the 
urban transport problem. Such schemes may have a contribution 
to make. But the motor car is an existing developed vehicle that 
is already established and has proved, without a shadow of doubt, 
that the service it can provide - door to door personal transport - 
is one which is highly valued. Consequently, there can be con- 
siderable confidence that any system providing door to door 
transport for a greater number of people, and based on the 
adoption and development of the private car, would meet a 
known and established need. 

21. The Group have attempted to draw up outline specifications 
for four different types of car specially suitable for use in towns 
and intended to derive the maximum benefit from mini mum size 
- a 4-seater (Citycar 4), a 2-seater with side-by-side seating (City- 
car 2S), a 2-seater with staggered seating (Citycar 2), and a single- 
seater (Citycar 1). AU have four wheels. The design considerations 
relating to these layouts are discussed in the Working Group 
report ; here we wish merely to comment on the possible benefits 
from such cars and from special roadway systems for them. 

22. Two factors can contribute to reducing both the road-space 
and parking space needs of cats - uniformity of size and reduction 
in size. Securing uniformity in size means, in practice, the segre- 
gation of cars from other vehicles, and of small cars from larger 
cars. The savings of road space are set out by the Working 
Group in figure 3 ;13 which shows the potential gains, separately 
and together, from segregation and from smaller dimensions. By 
separating cars from other traffic and tailoring lane widths to 
car sizes, average-sized saloons coiUd move a quarter as many 
people again on any given area of road as they are able to move 
on the present standard 12ft lanes. Present day small saloons 
could increase capacity by a little over a half, Otycars 2, on lanes 
of appropriate width, could increase capacity to about twice the 
present level. The analysis also shows that the extra number of 
people that can be moved within a given road space, simply by 
using smaller cars, but leaving them to run in present mixed 
traffic lanes, are modest - not more than 15 %. As the figures 
show, segregation alone can produce g ains much bigger than 
this; and segregation makes possible the achievement of the full 
potential gain from smaller cars. 

23. Cars spend much more time parked than moving. Figure 3:14 
shows that the increase in the number of small cars that can be 
parked in a given space, compared with conventional cars, is 
very great. In mechanical garages, five Citycars 2 could be parked 
in the space now allowed for one conventional car, whilst even 
at the kerbside there would be room for twice as many Citycars 2 
as conventional cars. 7n considering overall benefits the savings in 
both road and parking space need to be taken into account. The 
Working Group have attempted to do this in figure 3:15 which 
shows that the overall benefit from the use of small cars on 
segregated road and parking space would be an increase in 
capacity to a little over 1^ times present capacity if existing small 
cars were used, while the use of the Group’s ‘optimum’ citycar 
could more than double the capacity of road and parking space. 

24. AU this leads us to stress the significance of segregating small 
cars from other traffic. As the Working Group point out, the 
segregation of small cars can be achieved in various ways and in 
varying degrees. For parking space, segregation may involve no 
more than laying out street spaces or designing' off-street facilities 
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to accommodate a small car rather than all sizes of car. In 
moving traffic, segregation could begin by progressively setting 
aside for the exclusive use of small cars existing streets, or parts of 
streets, and could proceed to the construction of new roadways 
and special intersections. Obviously, various degrees of segre- 
gation are possible - they might well correspond to various 
stages of implementation of a segregated roadway and parking 
system. Thus, initially some parking space - on and off-street - 
might be set aside for dtycars and some provision made for 
them on the street by providing, say, fly-overs and under-passes 
exclusively for citycar use at some congested intersections. Such 
facilities could, of course, be much smaUer and lighter in con- 
struction than would otherwise be necessary. As citycars became 
more widely used, parts of streets could be allocated for their 
exclusive use; later whole streets could be made available for 
parts of the day, and it would also become increasin^y worth- 
while to construct considerable lengths of new roadway - as the 
Working Group suggest. Moreover, as they point out, the lighter 
loadings and smaller dimensions of citycars would make possible 
exclusive ‘overways’ that were cheaper, lighter and smaller than 
conventional elevated general-purpose roads. Thus, although a 
complete system of segregated routes might take decades to 
provide, it could be introduced in stages in a way that would 
enable it to be used, and benefits to be got from its use - during 
the whole of its development. 

25. Any segregated space - whether from new roads or by setting 
aside space on an listing road - involves a prior decision about 
the maximum vehicle width to be adopted. It seems to us that 
this need be no greater than that of existing very small can and 
there would, as the Working Group show, be advantages, in 
terms of traffic capacity and particularly in parking space savings, 
in having a smaller width. But there would be litde sense in 
adopting a width only very slightly different from that of smaH 
cars being produced at the time the decision was taken and we 
think it important that the Government should consider the 
industrial implications, as well as the traffic and parking advan- 
tages, of any pardculai dimensional limitation for a segr^ated 
system. We must make it dear that the adoption of any standard 
dimensions significantly different from those represented by 
normal demands could place our motor manufacturers at a 
considerable disadvantage, particularly in the export markets. 

26. The idea of segregated roadways is not as unorthodox as it 
may at first sound. For inter-urban traffic, the concept is already 
being applied in the provision and use of motorways, from which 
several types of traffic are exduded. This is done in order to 
achieve a more efficient and safer use of those roads. In towns, 
the large potential demand for individual transport points to the 
small car as the appropriate basis for segregation. The ‘overway’ 
system proposed is, therefore, an extension into towns of a 
princaple that is already accepted in the inter-urban field. The 
general-purpose roads would be left correspondingly freer for 
buses, goods vehicles and oOier traffic. 

27. For any given space, the extra number of people that could be 
moved conjured with what is achieved under the present vehicle 
and traffic patterns, by having an integrated design of car, roadway 
and parking space is very large - an increase to more than twice 
the present level. This is a big gain. Although there would be con- 
siderable difficulties in achieving it, the benefits are so great that 
we think it vital to make a real effort to do so. (Ve are convinced 
that this overall approach is essential if big savings are to be 
achieved m the space needed by individual cars. 

28. Creating such an efficient system of personal road transport 
m towns may take some years. Planning and investment decisions 
mcluding decisions about the nature of town transport systems’ 
must, therefore be taken long before the facilities are needed’ 
This increases the need for early decisions. 

29. Our final comment on the possible use of specialised citycars 
viii 



relates to the problem that is now recognised as central to urban 
transport policies - the respective roles of public and private 
transport. We know that enabling people to satisfy their desires 
to use cars extensively in towns creates enormous difficulties. 
But it seems to us that the pressures for people to do this may 
be equally large. There will always be a role for public transport 
as we have recognised earlier. But we believe that in assessing 
the relative attractiveness of different proportions of public and 
private transport, weight should be given to making it possible 
for people to do what they want. We believe that an integrally 
designed system of vehicles, roadways and carparks could con- 
tribute significantly to achieving this objective. All this is foresee- 
able with present automobile and civil engineering techniques and 
the Working Group’s report sets out the general concept. There 
are, of course, many problems to solve and we think it important 
that the practicability of various methods of segregating different 
types of traffic should be studied in greater depth. As a start, 
we consider that full scale design and cost studies should be com- 
missioned with a view to the early development of aesthetically 
acceptable special overhead road structures and networks and 
parking facilities for the exclusive use of small citycars. We are 
convinced that this is a field in which practical experiments are 
worth a great deal more than theoretical discussion and that, in 
view of the likely scale of the savings in cost, a limited number of 
experimental schemes should be commissioned as soon as 
possible. 



30. It is often suggested that conventional vehicles should be pre- 
vented from coming into town centres and that, for example, 
some form of pool hire system coupled perhaps with interchange 
car parks might provide an acceptable solution to the problem of 
traffic congestion. At first sight this seems an attractive idea but 
we with the Working Group’s conclusion that there would 
be big difficulties in devising a satisfactory system of communal 
ownership or compulsory interchange, separately or together. 
We realise that unforeseen developments might change the 
situation but, as things stand, the disadvantages clearly outweigh 
the advantages. 



... ^ 1, luiijuiiaui lo AooK at tne longer term ana 

what might be achieved with more research. Chapters 10 and 11 
of the Working Group report relate to developments in the 
fields of power sources and automatic vehicle guidance. We have 
little to add on the details of what is said, but a general con- 
sideration applies to both these chapters. The Working Group 
take a cautious view of the time needed for new developments in 
power plants and electronic control, but the rate of development 
of a new device is directly related to the scale of effort applied 
“ co-ordinated research and development 
effort directed towards new forms of storage battery, fuel cells and 
advanced gas turbine engines and indeed any other prime moving 
device with low noise level and inobnoxious exhaust should be 
mounted on a much more ambitious scale than at present. 

32. It is, of course, essential to differentiate between practical 
endeavour and mere speculation but we realise that there is 
alleys the possibility of a major development in personal trans- 
port because of some discovery or invention which we cannot at 
present visualise. The rapid strides now being made with the 
mimatuTization of a number of devices might, for example, lead 
evenmally to the replacement of vehicles by machines which can 
be strapped to the person. Other possibilities are the development 
o some more compact form of personal transport based on the 
^c^hion principle and the widespread introduction of multi- 
tr(m 1^'^* prove to be other novel means of 

tr^sport xesultmg from the development of new materials, new 
tKhmques and more refined mamifacturiog processes. In the 
^time we are satisfied that much better use can be made of 
^s mg means of road transport and in particular of the motor 



33. We beUeve that the realisation of the ideas we have put for- 
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ward in this report will not be possible without either new 
administrative machinery or at least inspired use of the existing 
machinery. Under the threat and stimulus of war, Governments 
have been able to find ways of directing and financing the 
technological developments seen to be necessary for the survival 
of our nation. Outstanding examples have been the development 
of radar, atomic energy and the jet engine. The same sense of 
urgency seems never to have attended the developments necessary 
for the survival of our nation in times of peace. Today the 
problems of our existence in a highly competitive and not 
particularly sympathetic world are as testing as the problems 
with which we were faced in war. One of the most vital which 
has to be solved is the problem of physical communications in 
the United Kingdom itself. We realise that our terms of reference 
do not extend as far as these remarks would by themselves imply 
but we find it difficult to conceive that the attempted solution of 
the problems of urban traffic will not lead ultimately to the 
consideration of communication systems for the country as a 
whole. 

34. All this suggests to us that means for the close co-ordination 
and the rational financing of the highway work of local authorities 
should be found. It also suggests to us that the power plant 
developments we have adumbrated, the overways we have 
sketched, the traffic planning we have recommended need to be 
prosecuted with a sense of urgency on a scale of financing not 
hitherto applied in these directions. It seems to us that there is a 
great opportunity for the Ministry of Technology and the 
Department of Education and Science to join with the Ministry 
of Transport in the developments which we have outlined. 

35. That the talent exists to solve the problems we have no 
doubt and we think that some of our national and university 
laboratories, which sometimes feel a lack of realism in their 
objectives, could, for instance, be led to put far greater wei^t 
than they do at present on some of the longer term power plant, 
structural engineering and traffic engineering problems. The 
aftermath of the Crowther/Buchanan Report has been a develop- 
ing interest in planning towns for the traffic they will have to 
accommodate. We would like to see this extended not only to an 
interest in the kind of vehicle and traffic problems we have been 
discussing but to early practical experiment. 
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Report of the Working Group 



The Rt. Hon, Ernest Marples announced on the 14th September 
1 964 our appointment as the Working Group for this study. Our 
terms of reference were the same as those of the Steering Group, 
i.e. : — 

‘To advise the Minister on future trends in the design of 
power-driven road vehicles, with particular reference to their 
use in towns.’ 

These exclude fixed track systems - railways, monorails, travela- 
tors and so on but we have included within our study the possi- 
bility of some form of automatic guidance of vehicles for part of 
their journeys. 

The Steering Group have helped and guided us throughout the 
study. At the beginning they asked us to consider developments 
that might be possible during the next twenty-five years and to 
include in our study factors that could affect traffic congestion, 
road safety, noise and air pollution. There are already over twice 
as many cars as all other sorts of vehicle and the proportion of 
cars will rise further over the next twenty years. We have reflected 
this in the weight we have given to considering the car. 



We have received unfailing help and courtesy from all the 
organisations and individuals whom we had occasion to consult. 
Many organisations and private individuals have put before us 
ideas and proposals and have sometimes demonstrated to us 
vehicles or prototypes that they had themselves developed. We 
are grateful for all these ideas and for the help we have received 
from organisations and individuals. The organisations with 
which we have been in touch are listed in Appendix ‘A’. Through- 
out our work we have been most helpfully served by our Secre- 
tary, Mr J. W. Furness, who has not only coped most efficiently 
and courteously with the ordinary range of duties that fall to a 
secretary, but has also been of the greatest help through putting 
at our disposal his technical knowledge and experience. We are 
also very indebted to Mr K. Peter and, during the latter stages of 
the study, to Mr P. Radley. Miss S. M. Hier and Miss E. C. 
Evans have ensured the smooth working of the administrative 
arrangements. We are most grateful to them all. 
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1 Vehicles in towns 



To set our study in perspective, we have looked first of all at the 
physical and social framework within which the motor vehicle 
has developed and have considered the ways in which social 
change, town-planning or road-building may affect the nature or 
scale of the problem. 

Vehicles are for moving people and goods with the minimum 
human effort. They have always been associated with town life 
and the problems linked with their use - congestion, noise, air 
pollution and the risk of accidents are all intensified, if not 
created, by the high density of vehicles in towns. But these 
problems are not new. Outcries against the evils of road traffic 
in London have been made at least since Stuart times; the 
Report of the 1905 Royal Commission on London Traflic't* 
shows how long some current problems have been with us. 
What is new, however, is the scale of these problems. Firms and 
individuals can own their own transport on a scale never before 
possible. The combination of concentrated town dwelling, 
growing economic activity and the motor vehicle has created a 
situation in which a restricted urban road network is becoming 
impossibly overburdened with traffic it was never designed to 
carry. But congestion is not the only penalty we pay for our use 
of the car. It has encouraged urban sprawl and in some places 
the effects of the motor car on the urban environment have been 
disastrous. '2) So we have the paradox that an intrinsically 
desirable and useful method of transport has created as many 
problems as it has solved. 

The use of road vehicles affects the individual user and the rest 
of the community in different ways. We see no reason why the 
ordinary processes of the market should not lead to vehicles 
being developed in the way that the individual user broadly 
wants. The effect of motor vehicles on the public at large is 
another matter. Noise, accidents, atmospheric pollution and the 
sheer road space taken up by a vehicle are all impositions on the 
community as a whole, but as they are not directly reflected in 
the price the individual user pays when buying or running a 
vehicle, the individual’s choice of vehicle is unlikely to take 
account of the public interest. This situation can create a conflict 
of interest between the individual user and the public. It is 
particularly where this sort of conflict may arise that we have 
examined in some depth the characteristics of vehicles. In doing 
so we have looked at the interests of the community as a whole. 
We have, in effect, been considering what aspects of vehicle 
design it would be desirable to influence, so as to make possible 
the maximum use of road vehicles - and particularly cars - with 
a minimum loss of amenity. 

1.1 Town growth 

An ever-increasing proportion of the population lives in towns. 
At present, about 80% of the inhabitants of England and Wales 
are concentrated in one-tenth of the total land area. It is forecast 
that by the end of the century some 90% of a much larger popu- 
lation will live in towns.t^) The big conurbations are spreading 
into the surrounding countryside and their ‘commuter belts’ are 
steadily being extended. One indication of this is the greatly 



!i> Grand. 2597 (1905). 

See Traffic In Towns, hmso, 1963. 

(3) Quarterly Return of the Registrar Genera! for England and Wales, 
December 1965. 
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above-average population growth rate of the small towms and 
villages in the counties around London and Birmingham fsee 
figure 1:1). 




There are two major features of the pattern of population con- 
centration in this country that have implications for traffic and 
which seem likely to continue over the next 25 years. The first is 
the drift of population to the Midlands and to the South,<-») the 
second is the growth of suburbs around our major cities generally, 
with relatively fewer people living in city centres (see figures 1 :2 
and 1 :3), There is also a trend towards a faster growth of shop, 
office and factory development in the suburbs than in the centres 
of towns, (s> These trends mean that traditional notions of where 
the individual ‘town’ ends and ‘country’ begins are becoming 
increasingly unrealistic. 



Growth of London and Birmingham conurbations 



London-outer 
metropolitan ring 



IT 



^central 

livins 



1 =2 Changing spread of population in London 1951- 



See. for example. The South East Study 1961-1981, hmso. 1964 and 
The West Midlands, hmso, 1965. 

See, for example, London Traffic Survey (1962), vol. 1, l.c.c. 1964. 
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Figure 1 :3 Changing spread of population in Leicester and 
Leeds 1951-1961 



)64. 



1.2 Car ownership and use 

A dramatic increase in vehicle ownership in the United Kingdom 
over the next half century, and in particular in the ownership of 
cars can be expected (see figure 1 :4), with the car forming an 
increasing proportion of the total vehicle population. Fore- 
casters expect the maximum level of car ownership per head to be 
reached early in the 21st century. This recognises that there will 
always be some people who cannot or do not wish to own cars - 




Figure 1:4 Forecast of the growth of car and vehicle owner- 
ship 
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such as the disabled, the infirm, the ver>’ old and the very young 
and voluntary non-drivers - and there is a limit to the number of 
cars which it is useful for a person to own. Density of population 
also influences the level of vehicle ownership: after a certain 
point ownership levels fall off with increasing density of popu- 
lation. Figure 1 :5 shows estimates of the saturation level for 
different types of area.'6> 

Detailed forecasts of car ownership are inevitably uncertain. But 
the general trend is unmistakable. Even now, in most towns, 
the demands for road and garage space already overtax existing 
facilities. Everything points to a very great increase in ownership; 
and ownership creates a corresponding potential demand for use. 




Population range Average Speed (mph) 

250.000 - 500.000 ~ 

1 10.000 - 170.000 

67.000 - 81,000 13 

36.000 - 43,000 16 

18,000- 20,000 16 

9.000- 10,000 ^6 



Figure 1 :5 Tlie saturation level of car ownership for different 
types of area 



Figure 1 :6 Average speeds in the central areas of towns of 
varying size (off-peak periods) 



' « Derived from forecasts by Mr J. C. Tanner of the Road Research 
Laboratory. 

6 
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Tratiic congestion in towns tends at present to be concentrated 
at peak hours and on particular routes, largely because of the 
concentration of places of employment coupled with relatively 
standardised times of starting and finishing work. There is a 
large radial flow, with people travelling to town centres from the 
outskirts in the morning and going home in the evening. In some 
smaller towns there is also a mid-day peak. Traffic speeds fall, 
the closer one approaches the centre of a town. Figures 1 :6, 1 :7, 
1 :8a and 1 :8b illustrate some features of town traffic. They 
suggest the speed of traffic in the centres of towns of very dis- 
similar size and character varies only slightly. In terms of peak 
hour traffic speed, congestion is almost as acute in small towns as 
it is in big cities. But there are important differences. Peak conges- 
tion usually lasts for a shorter time in small towns and it seems 
likely that a slightly greater flexibility in hours of starting and 
finishing work in large cities, coupled with more geographical 
spread of jobs, enables the commuter traffic to spread itself out 
more widely around the peak. In small towns, a much higher 
proportion of commuters travel by private car than in large cities. 
In the latter, the major part of peak hour travel is by public 
transport. 

Road Research Laboratory studies in 48 towns have shown that 
in smaller towns the volume of peak traffic is proportional to 
population, but that larger towns do not have a similarly propor- 
tional volume of peak traffic. At the same time the increase in 
peak-hour flows in recent years has been much less in large cities 
than in smaller towns. The explanation is probably that in the 
former traffic flows at peak hours are already at or near capacity 
so that any increase in traffic must come at other times of day. 
In such circumstances whenever traffic engineers increase street 
capacity additional vehicles quickly appear to absorb most of 
the increase. 



8000 




We conclude from all this that the high usage of public transport 
in large cities is brought about to some extent by the difficulties 
of using cars in them. There is, in effect, an unsatisfied demand 
for car use which will increase as car ownership increases. This 
may be offset a little by the increasing distance that people are 
prepared to travel to work and the comparative attractiveness of 



Figure 1 :7 Traffic flow in and out of towns 
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rail travel for longer-distance commuting. But this would not 
affect the general picture very much. 

1.3 Possible social developments 

Hours and conditions of work are likely to change. It is some- 
times suggested that automation will eventually eliminate com- 
muter congestion, in that the continued substitution of machines 
for human labour may so reduce the number of days per week and 
hours per day of work for the average person that the need for 
congested peak hour travel will disappear. 

At the moment however it is impossible to fit a time-scale to such 
prospects. There has been little recent reduction of actual hours 
worked (see figure 1:9). Some commentators*’’ have suggested 
that a further reduction of ten hours in the actual working week 
for manual workers might be expected by the mid-1980's. Even 
so, the peak hour problem would remain unless a much wider 
variety of starting and finishing hours were established than at 
present exists. So far, reductions in hours worked by some groups 
have tended to aggravate the peak problem, by shortening the 
time over which the peak is spread. Even if future technological 



Figure 1:8a Percentage of persons entering central areas by 
ro^ in period 7-10 a.m. trayelling by various forms of trans- 



Figure l:Sb Percentage of persons entering central areas la 
period 7-10 a.m. travelling by various forms of transport 




population (log scale) 



H pedal cycle C] private car 
O bus motor cycle 




d] railway 



For example, R, M. Newland The Peak Hour Problem in Roads and 
Road ConstrucHon, vol. 42, No. 494, February 1964. 
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Figure 1:9 Changes in actual weekly hours of work for men 
1950-1965 (The hours recorded are those actually worked by 
manual wage earners) 



Plate 1-3 'The increasing use of cars for recreational and holiday 
transport already causes serious congestion on routes to popular 



and social developments should make the present scale of com- 
muter travel unnecessary, we cannot assume that people will not 
still want to meet personally on both a large and a small scale. 
On the contrary, wider car ownership generates more travel, 
particularly for social purposes, and this may create new 
problems (see figure 1 :10). The increasing use of cars for recrea- 
tional and holiday transport already causes serious congestion on 
routes to popular areas and in some resorts, while city congestion 
is beginning to arise from recreational as well as work journeys. 
On the other hand, greater flexibility in recreational travel 
patterns may be expected as leisure and incomes increase. 




Figure 1:10 Estimated increase in vehicle journeys for 
various purposes in London 1962-1981 
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(in I*® Ministry of Transport Highway Statistics 1964, hmso 1965. 
bee for sample R, J. Smeed - The Traffic problems In towns: A 
^°ttg-term solutions. The Town Planning Review, 
1964. Vol. XXXV(2). 



Judgments about the best form of social structure often go hantJ- 
in-hand with the aesthetic judgments to which we have just 
referred. Behind many new town concepts lies the notion that 
city dwellers have no sense of belonging and that it is necessary 
to create a sense of ‘community’. We would contend that the 
argument may be overstated, firstly, because it exaggerates the 
degree to w'hich cities in fact break up communal ties; and, 
secondly, it assumes the desirability of rooting our social struc- 
ture in a simple, geographical unit. Modern communications and 
transport make possible a wider choice of social activities than 
in the past. Ours is a complex and, above all, an increasingly 
mobile society, and we would suggest that it may be a mistake 
to assume that many people want to live in small self-sufficient 
communities. Close communities can be constricting as easily as 
they can be satisfying. 

1.5 Possible highway developments 

It is often assumed that better roads in towns might solve the 
problem of traffic congestion. There are two sorts of road 
development that affect urban traffic - new roads that take 
through traffic out of towns altogether; and those that help to 
cope with traffic having business within a town itself. Obviously, 
some roads do both. 

By-passes reduce through traffic in towns. But the relief they can 
offer to town traffic is limited. Although the traffic that uses a 
by-pass may seem considerable, it is often, as figure 1 :12 shows, 
only a very small proportion of the total traffic within a town. 
It is only in very small towns that the through traffic forms a 
significant part of total traffic. 

In some cities traffic congestion may already deter some people 
from using cars. The freer-flowing conditions that result from 
removing some through traffic will then lead to more local 
traffic. And above all, there is the steady long-term growth of 
internal and terminating traffic - about 7% a year in most 
towns. <io> All this suggests that by-passes are unlikely to give 
permanent relief to urban congestion. The crux of the urban 
road problem lies in finding ways of dealing with the growing 
volume of internal and terminating traffic generated by towns 
themselves. 

As to new roads within towns, we do not think it is necessary to 
set out here the arguments pointing to the improbability of roads 
in towns being provided in this country on such a scale as to 
solve all traffic problems. This is not to under-estimate the need 
for new roads in towns, nor the possible benefits to be got from 
using road patterns that tend to reduce congestion.oi' But like 
Buchanan, we see no prospect of a complete solution to town 
traffic problems from new roads. 



1.6 Realistic prospects 

Many of the more imaginative planning ideas could no doubt 
greatly alleviate traffic problems but the more dramatic solutions 
cannot be extensively implemented in the time scale of this 
study. New travel patterns based on very short working hours, 
new town forms that would reduce the need for personal car 
travel or highway patterns that would avoid congestion, seem 
to us to be only very long-term possibilities. The current planning 
proposals in many cities retain a concentrated central area and a 
radial road pattern of limited capacity. It therefore seems to us 
inevitable that many of the traffic problems of the present - 
including the peak hour problem as we now know it - will remain 
with us for at least the time-period with which this study is 
concerned, and perhaps for mucli longer. A different kind of 
personal transport could perhaps help to solve this problem. 
We have seen the detailed examination of the scope for such a 
development, and of the means by which most benefit might be 
got from it, as one of the more important functions of our study. 
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2 Vehicle size and performance 




Pl»« 2-1 Road space taken up by present day cars as an im- 
POBtioa on the communty 
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Sides of k. Thus in unifonniy spaced traffic, the cleanuxe is 
equal to the sideway space between two vehicles in adjacent 
lanes. The heipbi of the envelope does not affect the amount of 
road space needed: but it may affect the design of the road 
system as a whole. 
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The traffic envelope for a stationary vehicle h not much t^np ^- 
than the vehicle itself. The total length of the envelope, or 
Twadaay'.tM becomes progressively greater as speed increases, 
•nd ibe lengih of the vetude itself becomes progressively less 
■nportam. Figure 2:1, which is based on work by Professor 
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Smeed, illustrates this; in single file at 25 mph. cars I Oft long 
take up nine-tenths of the headway needed for cars 14 ft long. 



So, in moving traffic, the benefit from having short vehicles is 
small, in terms of gain in traffic capacity. 



Figure 2:1 Length of road required by cars travelling at 
10, 25 and 40 mph 
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2.1,2 Width 

Vehicles that run on fixed tracks, such as trams, need little more 
than their own width of roadway. But they are a special case. 
The driver of an ordinary road vehicle needs room to steer a 
course, with some margin for safety. We found that very little 
was known about the relationship between vehicle width and the 
minimum width of road needed. We therefore asked the Road 
Research Laboratory to do some experimental work on this, 
with large and small cars on various road widths at speeds 
between 15 and 50 mph. These experiments were made on tracks 
without lane markings, and it seemed that under these conditions 
the capacity of all but the narrowest roads increases propor- 
tionally to their width. Further experiments would need to be 
done to find out the effect of marking the road out in lanes, but 
it seems likely that with generous lane widths there would be less 
efficient use of road space, though safety and driving comfort 
might be increased. On the other hand, very narrow lanes are 
likely to be detrimental to safety and comfort. The behaviour of 
drivers of an existing type of small car used in the Road Research 
Laboratory’s experiments suggests that, at town traffic speeds, a 
lane width about 2 ft 6 in to 3 ft greater than the car itself 
represents a reasonable minimum. 

In mixed traffic on roads in marked lanes there is a tendency for 
small vehicles to travel in the shadow of larger ones. It seems 
sensible to expect a greater traffic capacity when traffic is made 
up of vehicles of similar size, and greater safety and driving 
comfort might also result. 

The traffic envelope concept cannot be applied to the situation at 
traffic lights, which are the usual bottle-necks in towns. However, 
the Road Research Laboratory have made experiments, using 



small cars about 4 ft 6 in wide and 10 ft long, to see what 
effect vehicle size has on the flow of traffic at light-controlled 
cross roads. Tests were made with these cars by themselves and 
mixed with other traffic that ranged from medium-sized cars to 
heavy lorries. They showed that when traffic was made up of 
these small cars alone, the road space they occupied was only 
about two-thirds of that needed for an average car in mixed 
traffic, In mbced traffic, however, the small cars needed nine-tenths 
of the space required by an average car. 

2.1.3 Conclusions on road space needs of vehicles in traffic 
Length alone is not very important in determining the amount of 
road space a vehicle needs when on the move and its importance 
diminishes as speed increases. At town traffic speeds, width is 



I 




Plate 2-2 Road Research Laboratory experiments in progress 
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much more importam. In mixed tralfic on roads marked in lanes 
suitable for the larger vehicles preseni. it is likely that some of 
the advantage of having narrow vehicles is lost. This suggests 
that the best use of road space would he made by narrow 
vehicles of uniform width running in lartes tailored to tit them. 

2.2 The significance of size in parking 

Gerterally. vehicles spend more time parked than moving. 
Already there is not enough garage room for the car population, 
either at their ‘homes’ or at their destinations. Even allowing for 
the possibilities of parking underground, car parks are already 
becoming prominent features of the lownscape. The cost to the 
user may become a significant part of total car running costs. 
So the effect of vehicle design on parking space needs is very 
important. 




Plate 2-3 ‘Already there is not enough garage room* 



Car design is always changing. Long-term trends are unpre- 
dictable although successive models of family saloon cars have 
tended to become wider, longer and lower over the past 20 years. 
Garages, car parks and street parking bays are normally designed 
to accommodate the largest and least manoeuvrable cars likely 
to use them, and to allow for some growth in size.t^) Car parks 
could possibly be laid out in such a way that cars could be 
segregated by size, with long and short cars parked end-to-end 
in pairs, or with areas set aside for very small or unusually large 
cars. This would complicate parking but would be theoretically 
worthwhile if the savings in space per car were large enough. 
Whether it could be made to work in practice could be tested by 
experiment. 

We have considered how vehicle design can contribute towards 
saving parking space and towards making the parking manoeuvre 
safer, easier and less obstructive. The space needed for parking a 
vehicle is determined mainly by the diameter of the circle swept 
by the outer front comer and the path followed by the inside 
rear wheel; but overall length and width, track, wheel-base, body 
overhang (front, rear and side), kerb clearance and door location 
and width are also significant. The amount of space needed for 
manoeuvring a car into a parking bay also depends on the angle 
at, and the way in which care are parked and the design of the 
park itself. In drive-in covered car parks, sufficient headroom has 
to be allowed for drivers and passengers to get to their cars; car 
hei^t is therefore not significant except in mechanical parks. 



2.2.1 Street parking 

In ordinary streets, the most space-saving parking layout for 
present-day cars is in paired bays'-'' parallel to the kerb. Angled 
parking and parking nose or tail to the kerb arc only practicable in 
wide streets with little traffic. Street parking might be easier if cars 
could be moved bodily sideways, or could pivot about one end. 
This would not necessarily make parking safer or less obstructive, 
but if all cars were to be so designed perhaps 1 0-1 5 % more cars 
could be parked against the kerb by this means. Safety and 
obstruction considerations apart, we doubt very much whether 
this saving in parking space would justify the cost of equipping 
care to manoeuvre in this way. 

With random kerb-side parking, and in paired parking bays the 
kerb length taken up is about 18 feet per car. Three small cars 
10 ft long and 4 ft 6 in wide could be parked in the kerb 
length normally taken up by two average-sized cars. Because of 
their narrowness these small cars would also leave more road 
width for moving traffic. Smaller cars, less than 7 ft 6 in long, 
could be parked end-on to the kerb on ordinary streets, and five 
could be got into the parking space now allotted for two ordinary 
care. But whether it would be better to use road space in this way 
or to have side-on parking and leave more room for moving 
traffic would depend on local circumstances. 

2.2.2 Off-street parkii^ 

It is becoming generally recognised that roads are for moving 
iralfic and for access to premises. In future, car parking will 
increasingly be off-street. The demand for land in the centres of 
cities is so strong, and surface parking is so wasteful of ground 
space, that the trend is towards multi-storey parking, above or 
below ground. There are many different layouts, but most 
include access aisles with bays at right-angles to them. The depth 
of the parking bay depends on the clearance needed at each end 
of the car. If cars were of fairly uniform length and front overhang, 
the front wheels could be run up against chocks and only very 
small end clearances would be needed. The width of the bay is, in 
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Plate 2-4 a ‘Parking will be increasingly off-street’ 



For example, the Ministry of Housing and Local Government 
recommend a garage 16 ft by 8 ft for a car of standard design. 

See Cars in Housing hmso, 1966. 



Paired bays are those in which a single length of manoeuvring space 
for getting in and out of the bay is common to two parking bays. 
Each bay is 16 ft long and 7 ft 6 in wide, with 4 ft between each pair 
of bays. 
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Plate 2-4 b ‘Parking will be increasingly off-street’ 



so that little or no advantage would result, except possibly in 
mechanical car parks. We do not consider this limited advantage 
would offset the inconvenience of not being able to leave loose 
articles in the car. quite apart from the design difficulties that 
standing on end creates. 

2.2.3 C oncliLsions on parking 

Unorthodox car designs do not seem likely to contribute very 
much to saving parking space, even assuming that most car users 
were prepared to accept them. Reducing size is another matter. 
If, for instance, all cars using a normal type of drive-in multi- 
storey garage were 10 ft long and 4 ft 6 in wide, the vehicle 
capacity of a park of given size could be increased by about 
two-thirds as compared with present standards. In mechanical 
parks, where reduction in vehicle height can be translated into 
savings in total volume occupied, a car of this size and 4 ft 6 in 
high, could increase the capacity of a site to two and a half times 
that achieved with present standards. Thus the advantages of 
small uniform-sized cars would be very considerable in parking 
as well as in moving traffic, provided that there were enough of 
them to justify having parking space specially for them. 

The parking benefits, both on an off street, that might be got 
from very small cars are considered in more detail in the next 
Chapter. 




Plate 2-5 The obvious parking advantages of the very small car 



practice, dictated by the car width plus the door clearance needed 
to let the driver get in and out. For comfort and to avoid the risk 
of damage, not much less than 2 ft is needed between vehicles, 
and this could not be significantly reduced by having sliding or 
upward swinging doors. Cars with the doors at the front or back 
would enable sideways clearance to be reduced by about a foot, 
but end clearance might then have to be increased. If very small 
cars could be stood on end, better use would be made of the 
headroom in drive-in parks, but space would still be needed off 
the aisle for access to the vehicle and for raising and lowering it. 



2.3 The significance of vehicle performance 
2.3.1 Speed 

There are two possible sorts of benefit from higher speeds - 
gains in traffic capacity of a road and saving of time to the 
individual. High lop speed (as opposed to the acceleration often 
associated with it) is obviously of most significance when 
vehicles travel at high average speeds. Town roads carrying 
mixed traffic normally have a speed limit of 30 mph or 40 mph, 
and there is usually a maximum speed limit of no more than 
50 mph on urban motorways. Vehicles designed mainly for town 
use would not therefore need high maximum speeds. 

The traffic capacity of a road depends on traffic speed and head- 
ways. Figure 2:2 shows relationships between traffic flow and 
traffic speed which suggest that under free-flowing conditions 
maximum capacity occurs at traffic speeds of between 25 and 
40 mph, and in terms of traffic capacity there is little or no 
advantage to be obtained from higher speeds. But higher speed 
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Figure 2:2 Relationship between lane capacity and traffic 
speed 



(a) urban roads in the U.K. 




b) derived from information published by the 
US. highway research board. 
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saves travelling time, as figure 2:3 shovts. We therefore consider 
that cars used in towns should be able to maintain a speed of at 
least 40 ntph on le'.'e! roads. Performance requirements for buses 
and goods vehicles are discussed in more detail in Chapters 5 
and 6, respectively. 
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Figure 2 :3 Savings in journey time (tinted area) 

23.2 Acceleration 

The significance of acceleration is less easy to establish. Drivers 
of powerful cars rarely use all the acceleration available to them, 
although some Road Research Laboratory experiments suggest 
that the greater the acceleration available, the more is used. 
In the stopping and starting progress of town traffic good 
acceleration from rest to cruismg speed seems important. 
Figure 2:4 is based on a simple calculation of the number of 
vehicles that would theoretically pass through a traffic light 
controlled junction during a fixed period, assuming that all the 
vehicles started from rest and used the same acceleration. It 
appears from this that progressively less benefit is likely to be 
obtained from accelerations of better than about 3 to 4 mph/sec- 
ond, particularly with the longer ‘green’ times that tend to apply 
in congested urban traffic conditions. 

The Road Research Laboratory have carried out practical tests 
of the effect on capacity, of using two groups of otherwise 
similar cars but capable of accelerations of about 3 -5 and 5 mph/ 
16 
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Figure 2:4 Simplified theoretical effect of acceleration at a 
traffic light controlled junction (t = green light time) 



second respectively. The higher acceleration increased capacity 
by about 5 to 10%. Mixing the higher and lower powered 
vehicles together resulted in a traffic capacity little different from 
that obtained when all the cars were lower powered. This 
suggests that the traffic capacity of a road may be influenced 
more by the acceleration of the worst-performing vehicles than 
by the potential acceleration of the better-performing vehicles. 
Figure 2 :5 shows the theoretical effect of acceleration on journey 
times under stop/start conditions. The time savings from increased 
acceleration are naturally greatest when there are frequent stops. 
In typical urban traffic conditions four stops per mile are quite 
usual. Under these conditions, if acceleration were increased 
from 1 to 2 mph/second, journey time over five miles could 
theoretically be reduced by one-eighth. An increase to 4 mph/ 
second could reduce it by a quarter. Better acceleration than this 
would not bring proportionate gains. 

We consider that an ability to accelerate at 4 mph/second up to 
40 mph (that is to say, 0 to 40 mph in 10 seconds) would be an 
adequate performance for vehicles in towns, both in terms of 
road capacity and from the point of view of saving the user’s 
travelling time. 
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Figure 2:5 Simplified theoretical effect of acceleration on 
journey times under stop/start conditions 




Plate 2-6 A vehicle with poor hill-climbing ability impedes other 
traffic 



2.3.3 Performance up gradients 

As explained in section 2.3.1, road capacity under free-flowing 
conditions falls off as traffic speeds drop below 25 mph. It is a 
commonplace that poor hill-climbers impede the flow of traffic. 
They can also greatly reduce the traffic capacity of a road. 
Present-day cars can climb the gradients found in most British 
cities at the sort of speed needed to make good use of road 
capacity. But buses and lorries are not always able to do so; 
and the power and weight characteristics of present battery- 
driven vehicles normally limit their hill climbing performance 
considerably. A gradient of 4% (1 in 25) is ordinarily regarded 
as the maximum acceptable on urban motorways and other main 
traffic routes. It would therefore be desirable for all vehicles to be 
able to maintain at least 25 mph up such a gradient when fully 
laden. But, as is explained in the next chapter, there could be 
circumstances under which a specialised car for use in towns 
would need a better performance than this, and would need to 
be able to maintain at least 25 mph up gradients twice as steep. 

2.3.4 Braking capacity 

Good braking can enable headways to be safely reduced and so 
can improve road capacity. On dry roads the braking of most 
present-day cars approaches the maximum practical efficiency, 
and most buses are easily capable of slowing down as rapidly as 
passenger comfort and safety allow. With the possible exception 
of certain types of goods vehicles and some two-wheeled 
vehicles, present braking capacities meet the foreseeable require- 
ments for town conditions. The possibilities for improving 
braking performance as an aid to safety are discussed in 
Chapter 7. 

2.4 Driver visibility, controls and stability 

There are other characteristics that affect the suitability of 
vehicles for town use. Small turning and swept circles reduce the 
amount of space needed for parking. Good all-round visibility 
can also make a vehicle more manoeuvrable, though there are 
indications from experiments that the limitations imposed by 
poor visibility are largely overcome when a driver becomes 
thoroughly familiar with the vehicle. If all vehicles had automatic 
transmissions, the capacity of light-controlled intersections might 
be increased by 5 to 10%, according to tests by the Road 
Research Laboratory. 

Stability and handling are also important but are difficult to 
express numerically. Good handling depends on many factors, 
such as the height of the centre of gravity, weight distribution, 
wheel-track, wheelbase, steering geometry, and suspension 
characteristics. All these are important in the design of any road 
vehicle. The stability of most modem cars is very good and we 
do not think that any great improvement is needed to make them 
better suited to town conditions, even though the directional 
stability's) of some present day vehicles on exposed open roads 
is not entirely satisfactory. 



<41 See glossary. 
'S) See glossary. 
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3 Personal transport in 
towns 



Having considered the ways in which the dimensions and per- 
formance of vehicles affect the space they take up, both when 
moving and when parked, we considered the scope for the 
changes in personal transport that are desirable for town use. 

Changes in the ways in which personal transport is owned and 
used could greatly affect design and engineering. For example, 
some sort of communal or ciub ownership with cars being taken 
up and put down as the user felt inclined, would alleviate some 
present-day problems; but others, perhaps more difficult to 
solve, would be created. 

In considering possible design changes, there are many factors 
to take into account. There is the job the vehicle has to do, the 
number of passengers to be carried, and the sort of journeys to 
be made. These will influence the characteristics people demand 
in terras of comfort, versatility, safety, range, handling qualities 
and so on. We have tried to take into account not only present 
likes and dislikes of the public towards features of car design, 
but also the need to adopt standards that are likely to reflect 
future, rather than present, circumstances. 

Personal transport now senes many purposes in towns, from the 
regular individual commuting journey, to the less frequent social 
outing of a family. The large number of cars driven daily into 
city centres with only one occupant suggests that there is con- 
siderable scope, in terms merely of the pattern of personal trans- 
port journeys, for a single-seat vehicle. We have considered 
whether its disadvantages of limited use and carrying capacity 
are worth the space-saving advantages- At the same time, there 
is clearly a demand for multi-seat \ehicles - and they may, in 
practice, offer advantages in terms of the space needed per 
person. The substantial number of business and shopping 
journeys which make up, for example, nearly a quarter of all 
journeys- into Central London, i>> gives some indication of the 
need for luggage space. There is also often a need to leave 
personal possessions in cars. 

Of great significance for a town vehicle is the average length of 
journeys into town centres. In 1961, average car mileage for all 
purposes was 135 miles a week, and in London it was only 1 17 
miles;*” and the average car journey to work w-as 54 miles. <21 
So a vehicle of comparatively limited range could meet many 
journey needs in tovsns. 

But design objectives must be subject to engineering feasibility, 
both human and mechanical. We have therefore gone on in this 
Chapter to translate design objectives into engineering require- 
ments and to test the overall engineering feasibilitv of the result. 

We have not thought it our job, neither have we attempted, to 
design an ‘ideal’ town car. But having arrived at certain design 
requirements, w'e have satisfied ourselves that they are capable 
of engineering solution. 

A specialised town vehicle would, by definition, be less versatile 
than a present-day car. The only justification for it would be the 
off-setting benefits it could pros ide. We have shown that the full 

space-saving benefits of small size and uniformity in a particular 

type of vehicle can be obtained only by segregation from other pi London Traffic Survey, (1962) vol. i, chapter 6. l.c.c. 1964 
vehicles, both on the move and when parked. In trying to assess ' H6, June 1963. 
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the benefits from a specialised town vehicle, we have considered 
how segregation might be appropriate for its use. To relate this 
to practical conditions, we considered, simply as an illustration, 
the segregated use of specialised vehicles in Central London. 

3.1 Vehicle characteristics 

Vehicle characteristics can be divided into two sorts - those that 
the user will more obviously demand - seating capacity, con- 
venience of use, comfort, weather protection, economy and so 
on ; and those, such as road-holding and the handling characteris- 
tics generally which, although basic to the performance and 
eventual success of a vehicle, are perhaps less obvious to the 
potential customer. Meeting both sorts of requirement is clearly 
essential. 

As living standards rise, people pay more attention to comfort. 

It seems likely that most vehicle users will demand full weather 
protection, comfort in summer and winter, ease of driving and 
parking under town conditions, attractive design, good overall 
performance, light but positive handling, good all-round 
visibility and ease of entry and exit. These requirements have not, 
of themselves, led us to reject the possibility of a very unconven- 
tional form of vehicle. People might be prepared, for town pur- 
poses, to travel standing up or in a “bar stool’ style. But such 
arrangements seem to offer no obvious advantages in the design 
of a vehicle or in reducing traffic problems and we have not 
pursued them further. 

It is not easy to define in objective terms such things as safety, 
road-holding and general handling and it is still less easy to 
define the standards that will be appropriate in one or two 
decades’ time. Any standards set must be a matter of judgment. 
But in our opinion, the characteristics of any vehicle for future 
use should be at least as good as the best current practice. We 
have taken this as our standard. But we hope that, in many 
respects, it will be possible in future to improve on the best 
standards of today. 

3.1.1 The two-wheeled vehicle 

Under present conditions, two-wheeled vehicles generally take 
up less space than three- or four-wheeled vehicles, both in 
traffic and when parked. But we do not consider that two-, 
three- and four-wheeled vehicles need have the relative sizes, 
nor make the relative contribution to traffic congestion, that 
they do today. We have, therefore, considered the two-wheeled 
vehicle from the point of view of its own particular characteristics. 
Present-day two-wheeled vehicles, whether bicycles, mopeds. 
scooters or motor cycles, are not self-balancing and there are 
limits to the standard of comfort and weather protection that 
they offer. These disadvantages are particularly significant in 
wet and very cold weather. But full weather protection could 
probably be provided on two wheels and stability could be 
improved in several ways. Thus it might be possible to develop 
a fully enclosed motor cycle with the seating and controls so 
arranged as to make the centre of gravity of the vehicle a good 
deal lower than with contemporary two-wheelers. Hi* might also 
be possible to develop balancing skids or wheels which were let 
down automatically so as to give stability at low speeds or when 
standing still, Such developments might make the two-wheeler 
intrinsically safer than it is now. Even so, stabilisation by skids 
or auxiliary wheels would not result in a fully self-balancing 
vehicle. Except at low speeds, the vehicle would still have to be 
balanced by the driver so that many people who rely on. personal 
transport in towns would in our view be unwilling of unable to 
use it. Moreover, the fitting of some stabilising device would be 
likely of itself to reduce somewhat the present size advantage of 
the two-wheeler, 

The advantages in cost, manoeuvrability and road space which a 
fully weather-protected two-wheeler would enjoy over three- and 



four-wheelers would not, in our view, be so large as to offset the 
advantages in safety, comfort and versatility in use of a self- 
balancing vehicle. Although, therefore, we do not think chat 
two wheels provide the best configuration on which to base a 
town vehicle for general use, we think that suitable two-wheelers 
should be allowed the advantage of any privileges that might be 
available to specialised town vehicles with more than two wheels. 




cycle’ 
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3.1 .2 Tbe tlirc«-irtieeled whicie 

The (hree-wheeled configuraiion is traditionally associated with 
modest size, ease of parking and good manoeuvrability. These 
are characteristics desirable in a town car. But the three^wheel 
layout has disadvantages in terms of cornering stability. With a 
self-subilised vehicle, such as a three-wheeler or a four-wheeler, 
stability against turning over on corners is obtained by making 
the track sufficiently wide in relation to tbe height above ground 
of the centre of gravity. Lateral stability is improved by lowering 
the height of the centre of gravity and by increasing the effective 
track. For a three-wheeled car. the effective track is less than the 
actual track'3’ so that, in comparison with a four-wheeled car, a 
three-wheeler will either have to have a wider track to achieve 
the same lateral stability, or else be less stable at any given 
width. On the grounds of stability, the four-wheeler is therefore 
in general to be preferred as the basis for a car in which it b 
desired to keep the width to a minimum. If the centre of gravity 
of a vehicle can be made low enough, a three-wheeler can, of 
course, be made with a narrow track and still achieve an entirely 
adequate stability. In practice thb situation b likely to arise only 
with some very unusual weight factors, such as might occur with 
a vehkk powered by storage batteries, the possibility of which b 
discussed in Chapter 10. 

A three-wheeler built to a conventional symmetrical layout has 
less diqxMable interior space than a four wheeler of comparable 
length and track. Thb disadvantage might be overcome by using 
an asymmetrical wheel layout, but the problem of achieving 
sufficient track width would then be accentuated and difficulties 
over weight distribution might also arbe. 

3.U The fow-wbecied vehicle 

Both Iwo-wbeelen and three-wheelers can offer advantages over 
the four-wheeler in manoeuvrability and cost. They offer less 
freedom of internal design. But given the importance of mini- 
mising width for town traffic ctMidiiions and the advantage of 
similarity iff handling compared with ordinary cars, we think 
that the four-wheel layout provides the best basis for a specialised 
town vehicle. We therefore adopted thb layout for our feasibility 
design study. 

3.2 The pattern of ownership and use 

Many people take a pride in owning a car. Yet personal owner- 
ship b by no means essential to car use. We have looked at other 
possibilities because they would have considerable implications 
for vehicle design. As most journeys in town centres are short and 
many of the cars used few them remain parked and unused for 
much of the day, some form of personal very dion-ierm hire - 
in effect a self-drive taxi - with tbe prospect of more intensive 
use of each vehicle throughout the day, seemed worth considering. 
A comitwn suggestion'^* b a system of pool ownership or club 
hire. Thb involves a fleet of can being available within a defined 
area, with all participants in the scheme having access to cars for 
journeys within the area. This could have big parking advantages 
because the high utilization of each vehicle that would theoreti- 
cally be possible would reduce the need for parking space and 
because car parks would not have to be able to deliver any 
particular car; supplying the first available vehicle would be all 
that was needed. But the casual and varied use to which the 
vehicle would be put by drivers of widely different skilU would 
demand more rugged cmistruction than for a vehicle for private 
use; it would be rtecessary to equip the vehicle with a reliable 
method of recording or obtaining payment for use; there would 
be formidable problems of fraud, mb-use and legal lability; 
and in practice, ensuring that vehicles were available where they 
were wanted might prove very difficult. Although pool systems 
have some advantages, the benefits from specialbed town cars do 
not depend on their being used in thb way. 
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Plate A 
Plate B 




Mates 3-2(a-e) Many attempts are made to design and build 
town cars 



'J* If T is the actual track of a ihrec-wheeied vehicle. L the wheelbase, 
and X the horizonul distance between the centre of gravity of the 
vehicle and the two-wheeled axle, then the effective track, Te, is 
^ven by 

T, t(,.? 

'■•* Made, for example, by the Baitelle Institute of Geneva, SiaRRcar 
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Plate E 




A pool system could be linked with the sort of interchange 
arrangements often suggested as part of the use pattern for 
special town cars. Thus it is sometimes suggested that ordinary 
cars should not be taken into the congested parts of towns but 
should be exchanged at conveniently-sited car parks for special 
town cars, possibly operated on a pool system. We think that 
there would, in practice, be very great difficulties in designing a 
practical interchange layout that contributed to convenience of 
car use.'S) However, interchange arrangements would not have 
any implications for the design of a specialised town car, beyond 
those already mentioned in connection with pool ownership. 
Accordingly, we envisage a pattern of operation in which town 
cars would be kept at home and used mainly, but not exclusively, 
for journeys into town centres. In towns, advantage would be 
taken of any special facilities for town cars, including the use of 
segregated road or parking space, but town cars would have to 
be useable in mixed traffic as well. We have proceeded with our 
design study on this basis. Any interchange system or short-term 
hire of town cars would operate within this general framework. 

3.3 Public acceptability and social implications 

Unorthodox small cars**’ are not popular in this country. For 
example, over the past six years, three-wheeled cars have made 
up no more than 4% of the total number of licensed cars with 
engines of less than 1 .000 cc. As most existing unorthodox small 
cars are three-wheelers, we decided to find out whether the 
licensing figures reflected a general dislike of unorthodox small 
cars or a dislike merely of three-wheelers. We used a public 
opinion survey which also sought to determine the nature of 
objections to very small cars and whether attitudes varied 
between different social groups. 

The survey showed that unorthodox small cars were rated poorly 
for comfort and safety, They were also disliked simply for their 
size, though they were more highly rated for economy of running. 
There was very little variation in the attitudes of different occu- 
pational age and income groups or between the sexes. For the 
great majority, the economy of present-day unorthodox small 
cars was heavily outweighed by other considerations; those who 
favoured them were mainly concerned with economy. 

The survey has two important implications for the specialised 
town car. Although the general public is becoming increasingly 
aware of the problems of traffic congestion, the present unpopu- 
larity of unorthodox small cars is such that a worthwhile incen- 
tive will be needed if small town cars are to become generally 
attractive. This conclusion is reinforced by other findings which 
show chat car owners generally choose the same size or larger 
rather than smaller models as their next purchase. Secondly, the 
survey shows what the general public dislikes about unorthodox 
small cars, and indicates clearly the characteristics to be avoided 
in the design of a town car. This reinforces the conclusion 
reached in section 3.1 above that on the grounds of stability, 
safely and comfort a four-wheeler is likely to prove more 
acceptable than either a two- or three-wheeled vehicle. 

A specialised town car would be, by definition less flexible in its 
use than a general purpose car. On this account, it would tend 
to be less popular. But a significant trend, which we think will be 
fundamental to the popularity of the town car, is the rapidly 
increasing number of families with more than one car. Ten years 
ago. under 2% of car-owning households owned more than one 
car. Now nearly one in eight of car-owning households have 
more than one car. As levels of income continue to rise, we expect 



< This is fully discussed in Appendix B. 

**’ By unorthodox small cars we mean, for example, those popularly 
known as ‘bubble cars’, both three-wheel and four-wheel. Wc do 
not mean the popular small cars now In use in large numbers in 
this country. 
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ihe proportion of multi-car households to increase significantly 
and the total number to rise even more. This provides a frame- 
work in which the specialised town car could well be increasingly 
accepted as an additional car. The family's main means of per- 
sonal travel may remain a general all-purpose car, but second 
and subsequent cars within the family may reflect more closely 
the journey needs of one or two members. This could affect 
radically the general popularity of small town cars, as additions 
to, rather than as replacements for, the ordinary family car. 
Some indication of the scope for a town car is given by the 
number of journeys made to work daily into town centres by 
personal transport. The figures for various provincial towns are 




Figure 3:1 Commuters into various provincial towns (1962) 



given in figure 3:1. The latter the town, the smaller is the pro- 
portion of commuters using private transport. This suggesu that 
there is already, in larger tow ns, a considerable potential demand 
for commuting by private car that is frustrated not so much by 
the present level of car ownership as by the difficulties of car 
use under present-day traffic conditions. We conclude that 
although general purpose cars are the present choice of most 
car-owners, and unorthodox small cars are generallv unpopular, 
the introduction of a small car that made it possible for more 
people to travel by car to town centres might well constitute a 
major new factor in the potential popularity of such cars. 
Deciding on what is the best sort of car will be determined by not 
only the types of journey to be made, but also the traffic and 
engineering aspects of the cars themselves. These are discussed 
below. 
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3.4 The design parameters 

The design features of any vehicle are interrelated. In this 
section we consider, in the light of the factors already mentioned, 
the desirable dimensions for a town car, taking into account 
human dimensions and vehicle stability. We consider the per- 
formance required and hence the power needed, and bring all 
these factors together to test the overall engineering feasibility 
of the whole. 



3.4.1 Human dimensions 

As a passenger, an adult needs at least 21 in of shoulder space. 
A driver needs to be able to move his arms and legs more freely 
and so needs rather more room. So an interior width of something 
over 4 ft is needed for the safety and comfort of a driver and 
passenger sitting side by side, although a smaller width could be 
enough if the seats were offset so that the driver and passenger 
were not shoulder to shoulder. There is no significant engineering 
or traffic advantage in limiting the internal height inside a town 
car - and, in fact, some advantage, from the user’s point of view, 
in having generous head room. The interior height of most 
existing small cars lies in the range 3 ft 6 in to 3 ft 10 in and 
we have allowed a height of up to 4 ft. As length of a town car is 
also not of critical significance, we see no need to reduce leg- 
room below that now provided. 



3.4.2 Vehicle stabUity 

The need for adequate stability limits the minimum dimensions 
of both track and wheelbase. These do not of themselves ensure 
good stability, as this depends also on many other aspects of 
vehicle geometry, suspension and so on. But we have attempted 
to establish minimum track and wheelbase dimensions which, 
coupled with good design elsewhere, would result in good hand- 
ling and stability. We have considered the two main elements of 
vehicle stability - sideways (or lateral) and fore and aft (or 
longitudinal) stability. 



3.4.3 Lateral stability 

Defining all the factors that go to fix the minimum vehicle width 
needed for lateral stability is difficult; they include the height of 
the centre of gravity, the distribution of weight within the vehicle, 
the forces developed when cornering, the suspension, wheel and 
tyre characteristics and the ability of the vehicle to ride over 
small obstacles. However, for the purposes of determining 
minimum dimensions, it is probably adequate at this stage if 
lateral stability is considered solely in terms of the ratio of the 
height above ground of the centre of gravity to the effective 
track width. 



The basic determinant of the necessary level of lateral stability is 
the maximum side force which a vehicle may be required to with- 
stand. This force is made up of the effects of crosswinds and the 
sideways force exerted by the vehicle itself in swerving or corner- 
ing. A vehicle able to withstand a lateral acceleration of 1 -0g.<’> 
would be very stable indeed. There would be very little risk of 
turning over on an unobstructed road, as the vehicle would 
normally slide first. This represents an almost ideal standard. 



The minimum desirable standard is very much a matter of 
opinion. In our judgment, a vehicle able to withstand a lateral 
acreleration of 0-75 g. without overturning would be acceptably 
sa e. We ha\e taken this as the limit in arriving at a safe maximum 
ratio of the height of the centre of gravity to the effective track 
width. 

The relationship between lateral stability and lateral acceleration 
IS shown graphically at figure 3:2, Lateral stability decreases as 
ateral acceleration increases, until the point is reached where 
the vehicle would roll over. Assuming a centre of gravity height 
ot -0 m (which IS achieved on existing small petrol-engined 
cars, and we think likely to be repeated in any town car) and 
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taking a sideways acceleration limit of 0 -75 g. leads to a minimum 
track of 30 in. 

h = height of c.g. 
T ■- track 




3.4.4 Longitudinal stability 

The basic factors in longitudinal stability can also at this stage 
be taken as the ratio of the height of the centre of gravity to the 
wheelbase of the vehicle, and the position of the centre of 
gravity in relation to the front and rear axles. The former 
determines the transfer of weight to the front wheels during 
braking and must be such as to leave enough weight on the rear 
wheels to maintain effective ground contact and thus ensure 
directional stability. The fore and aft position of the centre of 
gravity determines the static weight distribution between the 
axles and must be such that enough adhesion will remain on the 
driving wheels to allow any required performance on any assumed 
gradient or road surface. 

To establish practical limits for these basic factors, we assumed a 
coefficient of road/tyre friction'** of I 0; a rolling resistance'** 
of 2%; and that the steepest gradient to be negotiated would be 
1 in 5 (such as on a garage entrance ramp). Though somewhat 
arbitrary, these assumptions allow reasonable account to be 
tiiken of the limits imposed by dynamic conditions. The graphs 
in figures 3 :3 and 3 ;4, for front and rear wheel drive respectively, 
relate longitudinal stability to the weight distribution between 
the front and rear axles. They show the limits outside which a 
vehicle would overturn forwards or backwards when braking, 
and outside which it would be prevented, by wheel spin, from 
climbing a 1 in 5 gradient. 

Theoretically, any design parameters falling within the area of 
the curve in figures 3:3 and 3:4 would provide adequate longi- 
tudinal stability. The practical limits are, however, further 
restricted by detailed design considerations and we consider that 
the fore-and-aft static weight distribution should result in no 
axle carrying less than 30% of the weight. 

Arriving at these weight distribution and dimensional limits has 



Figure 3:2 Maximum lateral accelerations before overturn- 
ing 



involved judgment and assumptions and the numerical values we 
specify cannot be regarded as rigid requirements. But we con- 
sidered an assessment in numerical terms to be essential to an 
engineering feasibility study. 

3.4.5 Dimensions 

The uses made of cars in towns can support the cases for a 
single-seat vehicle and for a multi-seat vehicle. We have there- 
fore considered vehicles with up to four seats. Figure 3:5 shows 
some of the many possible seating layouts. We could see little 
value in some of these arrangements and decided the most 
useful and challenging possibilities were; 

(a) single seat; 

(b) two offset seats ; 

(c) two seats side by side ; 

(d) four seats, forward-facing, in two rows of two. 

For convenience, we have called these four vehicles Citycars 1 , 
2, 2S and 4 respectively. 

Combining the stability and ergonomic requirements"®* and the 
seating layouts leads to the results set out in figure 3 ;6. We have 
examined more closely the engineering feasibility of these layouts 
to bring out the passenger-carrying ability, general performance, 
stability and traffic advantages of each car, so as to enable their 
capabilities and limitations to be compared. 



'71 See glossary. 

(8* See glossary. 

'** See glossary, 
uo) See glossary. 
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Figure 3:3 Limitations on weight distribution — front wheel 
drive vehicles 



h - height of C.6. L - wheelbase 




dif™ '>«“>'«ioi,~rear wheel 
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a Single seat - Chycar 1 

b Two-seat tandem, forward facing 

c Two-seat offset (or staggered) seats - Cityca: 2 

d Two-seat side by side - Citycar 2S 

e Three seat, two forward facing one sideways behind them 

f Four-seat, back to back 

g Four-seat, forward facing - Citycar 4 

Figure 3 :5 Seating layouts for very small cars 
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3.4.6 Power required 

.As a result of the conclusions reached in Chapter 2. we ha\e 
taken as our mininuim requirements for a dlycar the ubilitv: 
(a) 10 maiiuaiii speeds of til least 40 niph on the level and 25 mph 
up a gradient of 8“., (I in 121 j; 

(bito acceleraie at a rale of at least 4 mph per second up to 
40 mph (i.e. 0 to 40 mph in 10 seconds); 

(c) to climb a gradient of 1 in 5. 

We also consider citycars would need automatic transmission to 
increase uniformity in performance. 

Figures 3:7 to 3:10 show the relationship between power and 
performance for the four types of citycar based on the perfor- 
mance characteristics of conventional internal-combustion 
engines- As the graphs show, any car that met our acceleration 
requirements would, almost inevitably, be capable of a high top 
speed. The stability criteria we adopted are appropriate to town 
speeds, but it would be important that any car capable of, say, 
70 mph had a good margin of stability over and above the 
minimum standard we have adopted. The margin of lateral 
stability on Citycar 1 and Citycar 2, while perfectly adequate 
for town speeds, might not perhaps be sufficient at speeds over 
60 mph. It would be possible to meet this difficulty by restricting 
the top speed artificially. 

Noise and air pollution are particularly important in a vehicle 
intended for high density town use. We suggest in Chapters 8 and 
9 that the conventional four-stroke petrol engine can be made 
perfectly acceptable in these respects for a town car and we have 



therefore assumed its use in our citycar studies. The possibilities 
of other power units are discussed in Chapter 10. 

The conclusions we draw from these preliminary studies is (hat 
specialised one-, two- and four-sealer cars could be designed to 
meet the dimensions and specifications we ha\e adopted, could 
provide good stability and handling and have a performance 
that would achiese efficient use of crowded town road space. 
In meeting the requirementtoacceieraiefromrest to40mph in 10 
seconds, top speed and hill climbing would be better than needed. 

3.4.7 Possible vehicle costs and market 

We have attempted to compare the costs of the one-, two- and 
four-seater versions. Any exercise in arriving at actual prices a 
long way ahead is obviously difficult. Bui such costings as «« 
have been able to make suggest that the differences in selling 
price between the various models of citycar vvould probably be 
quite small. Citycars 2 and 2S might cost about 7 % less than 
Citycar 4, and Citycar I about 1 1 % less than the 2-seater models, 
so that the single-seater would cost about 17% less than the four- 
seater. To the extent that they are smaller and lighter, citycars 
could be expected to be rather cheaper than existing small 
saloon cars produced on a similar scale. But cost is only one 
factor in the choice of any car. Citycars could offer greater scope 
for individual travel in cities and their price might not be a 
dominant factor in determining their sales. The market is likely 
to be determined more by the facility that the vehicle and its 
operating circumstances offer than by the appeal of the vehicle in 
isolation. 







Figure 3:8 
car 2 



Performance and power requirements for City- 
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Fjgi^e 3:9 Performance and power requirements for Gfj-- 



3.5 The benefits 

f“ soieral use lhat 
fi for iWs would 

Sien! h >« oUl”"®! onder town conditions; these stem 
cliiells from the reductions in space needed when on the move 
and when parked. The possible benefits from reduced air poUu- 
Iion ate discussed at the end of Chapter 9. 

3.5.i The road space savings per car 

small cars hes should be seeregated from other traffic. So see 
base considered the road space needed by various tvpes of car 
under conditions of segregation from other iraffic (i.e.'in uniform 
iraffici as well as m mrved Iraffic conditions. We have based this 
c iculatton on the -envelope- concept dcsc-ribed in seS n 
but have also made some allowance for the effect of Imre width on 

i,f, p- '■ conditions - about 170 Citvears 4 nr 




caM^ Performance and power requirements for City- 



3.5.2 The road space savings per person 



calculations indicate that at a speed of 
noZecuni,^ h ^ '^hich could use the spa« 

fewer cars would be about 25 

about 45 more **^*®'^ *he number would be 

''’’iSS! m", “mhS? N“- >1«. f““ 
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in marked lanes 



on business and to and from work is a'good^deal less. In Central Figure 3:11 Numbers of cars able to use a given area of road 

London, average occupancy is about 1-4 persons per car.*'^' space 

Figure 3:12 is based on observations in Central London. It shows 

that the driver was the sole occupant in two cars out of three; 

there were no more than two people in fourteen cars out of 

fifteen; and only one in fifty carried four or more people. So on 

weekdays more than two-thirds of all journeys in Central London 

- and probably in other large towns as well - could be made in 

single seaters ; and over 93 % could be made in two-seaters. 




Figure 3:12 Car occupaacies in Central London Chapter 6. i.c.e. 1964. 
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Figure 3:13 illustrates the benefits, in terms of people carried, of 
using smaller cars in mixed traffic and when segregated, as com- 
pared with present types of cars. It is the counterpart of figure 
3:11. being related to numbers of people and not to numbers of 
cars. It takes as its starting point the road space needed by 100 
people travelling in averaged-sized cars in mixed traffic, and sets 
out the number of people that could be moved in the same 
amount of road space in present-day small ears and in different 
types ofcitycar under both mixed and uniform traffic conditions. 



The calculation is based on the known present occupancy of cars 
and not simply their maximum capacity. The result shows the 
progressive advantages of smallness down to two-seaters, 
especially in uniform traffic. Twice as many people could be 
moved in Ciiycars 2 in uniform traffic as can now be moved in 
averaged-sized cars in mixed traffic, The diagram also shows the 
relative disadvantage, in terms of carrying capacity, of the 
single-seat vehicle, more of which would be needed to cope with 
a given number of people. 




in marked lanes 



Figure 3:13 Numbers of people likely to be carried on a 
given area of road space by different types of car 



3.5.3 The parking space savings 

Figure 3:14 shows the parking advantages of using small cars, 
provided that parking space were constructed or laid out 
specifically for each type of car. 

The parking advantages of small size increase progressively right 
down to the single-seater. The ability to pack more small cars 
into the limited amount of room that can reasonably be devoted 
to car parking in town centres and other employment areas is an 
important factor to be weighed in considering the contribution of 
single- and two-seater cars to the solution of the urban traffic 
problem. With growing car ownership saving in car parking 
space can also be expected to become increasingly important in 
high density residential areas. 

3.5.4 The total space savings 

We have attempted to calculate a single index of the overaU 
benefits from each citycar by creating, in effect, a weighted 
average of the road space and parking space benefits. We have 
based this on the average commuting and business use that is 
made of cars, on average traffic speeds in towns and on the 
average length of the working and commuting day. The results 
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are illustrated in figure 3:35. It shows the overall benefits in 
space saved by citycars and that the savings are such that the 
use of these cars, with facilities designed for them, would enable 
space in towns to be used about twice as efficiently - in terms of 
numbers of people for whom car space can be provided - as 
when the space is used by present-day cars, in general-purpose 
car parks, and in present traffic conditions. Rather more than half 
this benefit would be obtainable by providing segregated facilities 
for the use and parking of existing small cars. 

3.6 Segregating citycars from other traffic 

Commercial vehicles up to 8 ft in wide, carrying loads up 
to 9 ft 6 in wide, and weighing up to 32 tons laden, are allowed 
without restriction on most ordinary roads, and over-bridges are 
usually built with clearances of 16 ft 6 in below them. Citycars 
would be 3 ft to 4 ft 4 in wide, could weigh one-third to three- 
quarters of a ton fully laden and be under 4 ft 6 in high. 
They could therefore operate on much narrower lanes and 
lighter road structures, and with much lower overhead clearances 
than are allowed for ordinary vehicles. They would need only 
7 ft lanes and perhaps even less for the single-seater, 
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Tiumber of vehicles in unit space = 100 






A. present situation. B. present day-smail saioon car. 

C. citycar 4. D. cHycar 2S. E, citycar 2. F. citycarl. 



Figure 3:14 Number of cars able to be parked in a given 
parking space 



Segregation of citycars from other traffic could be achieved on 
existing streets or by constructing new roadways. In some wide 
streets it might be possible to set aside one or two narrow lanes 
for citycars, thereby increasing the vehicle capacity of the street. 
But there would be traffic engineering difficulties about this, 
particularly at junctions, as well as some reduction in the space 
available for larger vehicles. A better approach might be to make 
more use of existing under-used capacity. Thus although the 
main road network in nearly all towns is saturated at peak hours, 
some surplus capacity exists even then in side streets, many of 
which are used almost exclusively at present for parking. 
Attempts are sometimes made to utilize this capacity by using 
these streets in one-way systems but often they are unsuitable for 
the heavier vehicles which would be diverted on to them. Even 
if they are wide enough, there may be serious amenity objections 
to their use by heavier vehicles, particularly if the streets are 
residential. The possibility of using this additional capacity by 
reserving some of these streets for the exclusive use of citycars 
(apart from delivery traffic) is more attractive. Few would be too 
narrow for the use of citycars and amenity objections would be 
greatly eased, partly by reason of the small size and comparative 
silence of the vehicles and partly because they would be there 
mainly at peak hours and hardly at all at night. The main 
problems would be created at the junctions with the main road 
network but the use of lightweight over-passes or shallow under- 
passes to achieve grade separation'*-" might provide a solution 
that was financially acceptable and which minimized any loss of 
amenity. 



present vehicles in mixed traffic and parking space =100 




Figure 3:15 Index of the overall benefit from segregated 
road and narErmo cnat'a ^ ° 



<>« See glossary. 
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3.6.1 ScRrcRating bj new road»a>s 

Setlinj; aside some existing street eapaeitv might not make 
axailahle enough ro.ad spaee to jusiifj using special ciixcars. 
Over the period we are considering a good deal of money is 
gi)ing to be spent on road-buiiding in towns and we ha\e there- 
fore explored briefly the possibility of some resources being used 
to prox ide new roadways exclusively for citycar use. This would 
enable full advantage to be taken of the light weight and low- 
height of citycars, which could be best exploited by providing 
roads tailor-made for them. This could be particularly appro- 
priate in town centres where the existing road system is already 
over-loaded. 



In existing cities, ditliculties of finding new alignments through 
built-up areas led us to consider whether segregation could be 
obtained by using a dilTereni level on existing street alignments. 
Though under-pusses might form part of a reserved roadway 
system, there would be serious and probably insuperable 
engineering dilliculties in carrying the system generally under- 
neath existing roads, because of the public utility services already 
there. Expense apart, we do not foresee reserved roadways 
generally being put underground. This points to a network that 
would at least in part be elevated, linked at intervals to the 
ordinary road system. 



To study the traffic and civil engineering feasibility of such a 
network we needed some indication of the number of journeys 
that might be made on it under some practical conditions. We 
used as an example an area of inner London. Forecasts of car 
journeys for 1981 were assigned, by computer, to the e.xisting 
roads and to the new network on the basis that each car would 
take the route that offered the quickest journey . In drawing up a 
route network, we assumed that London would by then have a 
motorway ithe 'motorway box'i encircling the centre at about 
4 to b miles radius. The new network would link this directly 
wiih ihe City, the West End, Westminster and Whitehall. It 
would also be linked to roads in the central area and, perhaps, 
also directly to car parks. But. otherwise, it would form a self- 
contained system, capable of carrying at least 1,800 small 
vehicles an hour on each Jane, at speeds of up to 40 mph. The 
narrow lane widths required, as well as the lightness of the load 
to be carried would enable the system to be carried along 
exi'iing streets on their present aiignmems, without the extensive 
re-development and severance of neighbourhoods usually 
assiviated with major urban road projects. 

We took first the fairly intricate network of figure 3:16. .\ithough 
such a network would attract to itself nearly all Central London 
car traffic, the road space on a two-way system of this kind would 
be substantially under-used in many places. Moreover, although 
It would leave the ordinary roads free for public transport, lorries 
and taxis, and so enable this traffic to move much faster, there 
would be very severe traffic engineering problems at the’ many 
intersections. So we looked at the possibilities of a much simpler 
one-way network, again following existing street alignments but 
limited CO routes on which traffic seemed likelv to be heaviest- 
■ his is shown in figure 3:17. Such a scheme has obvious limita- 
tions Many journeys would be longer - although the fewer and 
simpler junctions would allow higher speeds - but even so a lot 
of car traffic would be attracted to a network of this kind. Much 
detailed work, not justified in the context of the present studv 
wou d be n^es^rv to establish the best network pattern; it 
would probably he somewhere between the two cases considered 
There s<rems little doubt ihat sufficiem traffic capacity could be 
obtained by combining a system of overhead structures, for the 
most part carrying two lanes of traffic, but with short lengths of 
up to four lanes, with single lanes at ground level formed bv 
rt serving part o! the existing roads. 
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Plate 3-3a ‘Modem overhead footway’ 




Plate 3-3b ‘Genera! purpose overhead roads’ 



wouia oe possible for a standard highway, or even for a road 
designed to carry ordinary cars and light vans. In the simplest 
terms the average vehicle loading would be about 60 lbs per sq 
ft, which is no more than one-third of normal highway loading. 
Even so, there would be difficulties to be overcome in adding such 
a structure to many existing roads. Some reduction in existing 
carriageway widths might have to be made to give room for the 
supports of the overhead ways. Foundations would have to take 
accouni_ of basements under footways, the substructure and 
foundations of adjacent buildings and the public utility services, 
eta diverting services could be sub- 

stamial and could, m many instances, be a determining factor in 
the choice of route and design of structure. 



We are indebted to the 
Ministry of Transport for 
structures. 



Bridges Engineering Division of the 
the studies and designs of overhead 
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For the structure, light alloys and other lightweight materials 
might prove desirable, But steel and concrete, especially in their 
latest forms, offer great strength and durability for small bulk. 
Plastic coating could obviate many of the present aesthetic and 
maintenance disadvantages of steel. In the future there might be 
scope for using light alloys or reinforced plastics in the decking. 
To minimise disturbance to traffic during construction, the 
structures would need to be pre-fabricated. Erection of the over- 
head structures themselves would be simplified by their com- 
paratively light weight. With some designs, two 5-ton mobile 
cranes would be capable of lifting into place 70 ft lengths of 
overhead roadway. 

Structures could run over either the existing footway or the 
centre of the existing road. Examples are shown in figures 3:18 
to 3 ;22. The scale of these structures would be rather more akin 
to a modern over-head footway than to general purpose overhead 
roads. Not only would there be large savings in costs compared 
with general purpose urban motorways, but the structures would 
be practicable and acceptable in many places where full-scale 
motorways would not. 

Special maintenance, recovery, ambulance and fire service 
arrangements would be needed, but should not create insuperable 
difficulties. 

3.6.2 Segregated parking space 

Providing segregated parking space would create no difficulties. 
On-street spaces could be laid out to suit any required dimensions 
and off-street carparks - ramp or mechanical - could be designed 
to take advantage of size limits on cars. 

3.7 Summary and conclusions 

In this Chapter, we have considered the principle design features 
of cars intended specifically for town use, their possible system of 
ownership and of use. their performance and the sort of highway 
and parking facilities that would be needed to get the most 
benefit from them. We attempt now to relate a specialised 
vehicle to the transport needs of towns. 

We have postulated a personal transport system based on small 
vehicles probably powered by an internal-combustion engine and 
having one, two or four seats. The performance of these vehicles 
would be at least as good as most of today’s family saloon 
models, and their handling and general safety characteristics 
would, in relation to the use we intend, also be up to good 
present-day standards. The top speed allowed in towns might be 
only 40 mph, but the vehicles would probably be capable of a 
good deal more. To meet as much as possible of the potential 
demand, any citycar should be four-wheeled but we see no 
objection to two- or three-wheeled versions, if they were pre- 
ferred by the user, provided that they met the dimensional and 
other requirements. 

We have assumed that some reserved road space would be set 
aside or new roadways built, and parking space provided, for 
the exclusive use of citycars. Initially, special facilities would 
inevitably be limited — perhaps to reserved roadways at the 
worst congestion points and to special parking facilities. As 
citycars numbers grew, it would become more and more worth- 
while to increase the amount of space available for them until 
ultimately a comprehensive network of roadways and parking 
space had been built up. Some of the segregated running space 
could be provided by the building of a new lightweight overhead 
network which, if constructed over or alongside existing main 
roads, could minimise the severance and other disturbance 
problems associated with new road alignments in existing towns. 
But, at least in some places, segregation could probably be 
achieved by setting aside existing road space. 

Citycars could be garaged at home and driven on the ordinary 
road system, moving ou to the segregated space where this was 



available. At or near its destination, the citycar might be parked 
in an off-street garage linked with the segregated roadway or it 
might re-enter the ordinary street system to complete its journey, 
ending, as now, parked on or off the street. Certain dimensions 
and performance requirements would be laid down and would 
have to be met by any vehicle seeking to use the exclusive citycar 
facilities. This would not necessarily mean monopoly manufac- 
ture under Government auspices; manufacturers could have 
complete freedom of design, within the overall specification. 
Citycars could be privately owned or else hired, for short or 
long periods. 

With segregation, citycars would make use of a given space in a 
way that would enable twice as many people to travel by car as 
could do so in present cars under present traffic and parking 
conditions. 

Small unorthodox cars are now generally unpopular. But we 
think that the increasing number of multi-car families and the 
possibility of a second car being related to a more specialised 
type of journey, will increase the scope for, and acceptance of, a 
vehicle that would inevitably be less flexible in its use than the 
general purpose car of today. Even so the use of citycars would 
still not come about without an incentive. There would be the 
traffic advantage, f I «> in terms of savings in journey time - which 
might be very significant - and perhaps greater ease of parking, 
that the citycar could offer. It is difficult to say whether this could 
be sufficient to lead to the extensive use of citycars. If not, some 
additional financial or tax incentive would be needed ; this would 
probably be justified by the savings to the community as a whole 
through the smaller space needs of citycars. There is, moreover, 
an increasing prospect that in future individual car users will be 
expected to bear the social costs of using and parking cars in 
congested areas. This would provide a new framework of incen- 
tives within which the use of much smaller cars could easily and 
appropriately be promoted. 

We have throughout this study considered one-, two- and four- 
seater vehicles and have assessed separately the engineering 
feasibility of each. Our decision not to reject any one of these 



Plate 3-4 Reserved cycle track at Stevenage 




t That a reserved roadway system can be attractive is illustrated by 
Stevenage, where a completely segregated system of cycleways 
connects the residential areas, town centre and industrial parts of 
the New Town. These cycleways axe reserved for bicycles and 
mopeds (up to 50 cc engine capacity). It is claimed that journeys 
can be made more quickly in Stevenage by moped than by any 
other means. 16% of commuters to this industrial area use mopeds 
or bicycles, which Is a far higher proportion than elsewhere. 
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|Figure 3:16 Two-way network 





Figure 3:17 Simplified one-wayj 
network for citycars in [ 
Central London 





structure type 1 to 3 
span range 45-75 ft 




description 

The steel superstructure is carried on bored pile foundations with reinforced concrete caps. The 7ft. carriageways ai 
supported on longitudinal space frames and have ribbed plate decks with epoxy resin wearing surfaces. 





it support from road 



Figure 3:18 Sectional drawings of overhead road structures 
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Figure 3:19 Length of overhead road structure showing 
elevation, plan view and sectional drawing (structure type 4) 





Figure 3:20 Length of overhead road structure showing 
elevation, plan view and sectional drawing (structure type 5) 




configurations has been taken deliberately because we think the 
basis of choice should go wider than our terms of reference. For 
example, a single-seat citycar has some traffic and social dis- 
advantages. The traffic disadvantage is that, because it provides 
for only one occupant, more vehicles, and hence more road and 
parking space are reeded for a given number of people than 
would be necessary with a two or four-seat vehicle. But for 
business use, or for the morning and evening journey to and 
from work, this disadvantage would be slight, because these are 
the types of journey that drivers often make by themselves. But 
it would be less attractive for general use. The significance of this 
can be assessed only in the context of the whole transport 
system - public and private - of a town. Thus, if there were any 
question of restricting the use of conventional cars in congested 
parts of cities, a system which permitted access by single-seat cars 
and denied the facility of the private car to those unable to drive, 
would seem to us quite unacceptable. Again if public transport 
were allowed to decline greatly, the soda! disadvantage of single- 
seat cars would be all the more significant. However, we visualise 
any citycar system to be a fadiity additional both to ordinaiy 
cars and to an effective public transport system. In these circum- 
stances, the disadvantages of the single-seater would be less 
serious. 

A two-seater with the seats offset, or staggered, by about a foot 
could offer the advantages of two seats with only a slight penalty 
in increased width. There could be some disadvantages in this 
design, but we are by no means sure they are significant enough 
to affect its great advantage of being the smallest vehicle capable 
of meeting most of the needs of urban car travel ; and there would 
be compensating advantages - there would be some interna! 
luggage space, and easy access to the driver’s seat from the neai- 
side. It seems likely to offer under most journey conditions more 
efficient use of road space than any other form of personal trans- 
port we have considered. The side-by-side two-seat citycar might 
be slightly more attractive to users, and it uses road and parking 
space almost as efficiently as the two-seater with offset seats. 

The four-seater would be big enough to meet all the normal 
requirements of a means of individual transpoi t, yet be light and 
compact enough to run on lightweight road structures. It would 
offer slight savings in highway space and rather more worthwhile 
savings in parking space, compared with most existing small 
four-seater cars. It could be more acceptable to users than a two- 
seater, but would not achieve all the space-saving benefits of the 
two-seater. 

We have stressed that providing for the private car cannot be 
looked at in isolation from the general transport planning - and, 
indeed, even wider aspects - of a town. We touch briefly on the 
significance of this, in relation to the role for citycars, in our 
final conclusions. 
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4 Taxis 



By taxis we mean professionally driven vehicles plying for hire at 
a metered fare, and operating within regulations, as distinct from 
either hire cars - which are booked privately in advance at a 
charge agreed between the operator and the hirer - or self-drive 

The taxi population of this country declined a good deal in the 
decade immediately after the Second World War, but has 
remained reasonably steady since 1960 at about 14,000 vehicles. 
In broad terras, half the taxis in this country are purpose-built 
vehicles, which are found predominantly in London, provincial 
taxis in the main being slightly modified medium or large saloon 
ears. 

Although taxis represent only about a tenth of one per cent of all 
road vehicles they are used much more intensively than many 
other forms of road transport, and in some places form a 
significant part oftotal traffic.'*' Whereas on average, private cars 
travel under 20 miles a day, the London taxi's mileage exceeds 
80 miles daily. '2) 

In considering design trends in taxis we looked first at the 
respective needs of the user and of the operator and then con- 
sidered the effect of regulation on design, Licensing was not 
designed to limit the number of taxis on the road - nor does it do 
so in practice. But it establishes a framework, regulating fares 
and vehicle standards, within which operators must work, so that 
it becomes virtually impossible to consider taxi design apart 
from this framework. 

4.1 Users' needs 

Taxis are used mainly for very short town journeys. The average 
length of the 150,000 or so daily fare-paid taxi journeys in the 
London area is just over two miles. Over two-thirds of the 
journeys are either to or from, or wholly within a central area of 
two miles radius. The taxi offers a means of quick and easy 
persona] door-to-door transport. Heavy baggage or parcels can 
be easily carried and the user docs not need to know his way, nor 
find a space to park. 

4.2 Operators' needs 

The aims of the operator must be to meet and, if possible, 
stimulate demand. High vehicle utilisation is essential. He will, 
therefore, want a cab which is, above all, reliable and can be run 
economically under town conditions with the minimum of main- 
tenance. This explains the increasing use of diesel engines, par- 
ticularly in London, where nearly all taxis are now diesel 
powered. <■*' In 1965 nearly half the taxis coming into use had 
automatic transmission. In addition to their longer life expec- 
tancy, this may reflect a growing awareness of the need to 
reduce driver fatigue, and we expect ergonomic factors increasing- 
ly to influence taxi design in future. 

4.3 Effect of regulation on design 

The London taxi is the best known example of a purpose-built 
cab. The specification was designed to meet the needs of the user 
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Plate 4-1 ‘The London taxi is the best known example of a 
purpose-built cab’ 



"* For example, up to 30% in parts of the West End of London. 
See Report of the IVorkine Cmup on Piccadilly Circus, hmso, 1965. 
SeeloHcfoH Traffic Survey (1962), vol. 1, Chapter 8. l.c.C. 1964, and 
Economic Trends, No. 116, June 1963. 

See London Ti-affic Survey {I962>, vol. I, Chapter 8. l.c.c. 1964. 
Information supplied bv the Public Carriage Office, Metropolitari 
Police. 
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and to ensure a high standard of safety. It ts based on pubhe 
service vehicie regulations, the effect of which is to add consider- 
abiy to the cost. The original justification for some of the pro- 
visions may no longer exist, but in total the London-type taxi can 
meet most user needs. It has obvious advantages to the user over 
the saloon car type taxi - high doorways make for easy entry and 
exit; passengers have privacy and four can sit face to face ; and the 
stowage of luggage is very easy. But it can perhaps be criticised 
for being too noisy, less comfortable than a car and inadequately 
heated in winter. In traffic the purpose-built taxi’s manoeuvrability 
is an advantage. But it greater flexibility of size were allowed, 
operating costs might possibly be reduced, to the benefit of both 
operator and user. 

4.4 The scope for limited purpose taxis 

It is perhaps because the purpose-built cab meets so many needs, 
that little thought seems to have been given to the exact role of 
the taxi. The service it is called on to provide must be looked at 
against urban transport needs generally, to see whether the all- 
purpose cab, the modified saloon car, some other more specialised 
vehicle, or a combination of several types, can best meet these 
needs. It seems to us that two types of limited purpose taxi could 
make a contribution to urban transport needs in the future — a 
small taxi able to carry two passengers and a little luggage, and a 
taxi with room for more than four or five passengers which in 
some ways would be akin to a small luxury bus. 

4.4.1 The scope for a small taxi 

Average taxi passenger occupancy in London (excluding empty 
running) is 1-52 persons.'S> This suggests that taxis capable of 
carrying two passengers and a limited amount of luggage would 
be adequate for most passenger journeys. Such vehicles could be 
a good deal smaller than the present-day all-purpose taxi, and 
could be designed along the lines of a citycar to take advantage of 
any special road facilities of the sort discussed in Chapter 3. The 
scope for such a taxi would depend on the benefits it would bring 
to the user and the operator being sufficient to outweigh the dis- 
advantages of its limited carrying capacity. Its attractiveness to 
the user would rest on cheaper fares and perhaps quicker 
journeys, while operators would benefit if lower fares increased 
demand for taxi services. But if small taxi running costs were 
only slightly less than those of the larger taxis that would still be 
needed for the journeys for which two-seaters were unsuitable, 
then the two-seater would make little impact. Different factors 
were no doubt at work, but in London eighty years ago there 
were some 7,000 two-seater hansom cabs and only 4,000 four- 
seater growlers. 

4.4.2 The scope for a large taxi 

Taxis with room for more than four or five passengers and with 
good luggage capacity would be a form of transport inter- 
mediate between the car and the bus. They would be particularly 
suitable for carrying people between rail and air termini and to 
and from major hotels, for distributing commuters from bus and 
train stations and perhaps for providing a door-to-door service 
from residential areas direct to central area destinations. They 
might operate on fixed routes, perhaps only at certain times of 
day or on a pre-booking basis. But even such services that 
operated on fixed routes only, would, we think, in terms of cost, 
scale of demand, and above all, comfort, performance and con- 
venience, be more like an extension of a taxi service than of a 
bus service, although having some of the characteristics of 
both.<6> Again, the benefits to the user would be cheaper fares 
and, in some ways, a different sort of service from that to be got 
from all-purpose taxis; from the operator’s point of view, there 
would be advantages in being able to offer a service that could 

attract custom from perhaps both public transport and the (S) iofla-o/i 7>i#<; Survey (1962), vol. I, Chapter 8. l.c.c. 1964. 
private car. No altogether suitable vehicle exists at present, Limited capacity buses are also discussed in Chapter 5. 
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4.6 Conclusions 



Ihe taxi could, regulations permitting, be designed to carry 
anything up to a dozen people. In any town it is dearly both in 
competition with, and complementary to. public transport and 
the private car. The proper role of the taxi will vary from place 
to place, as will the best type or types of vehicle to be employed. 
But It IS clear that the taxi is most likely to make the greatest 
^ible contnbution to urban transport if operators and manu- 
facturers arc free, within the overall framework of a town’s needs 
to provide the types of service for which there is a public demand 
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5 Buses and coaches 



In some ways, buses and coaches impinge on towns as other 
vehicles do - through noise, pollution, the space they take up, 
and accident risks. These problems and the possible ways of 
coping with them are discussed in other chapters; in this chapter 
we consider only those features of buses and coaches that relate 
specifically to theconvenientandefficient movement of passengers. 

5.1 Buses and town traffic 

In 1954, more than half of all road travel was by bus or coach. 
In 1964 travel by bus and coach accounted for less than a quarter 
of all travel by road. Over the same period the cost of fares went 
up by 65 %, as compared with an increase of less than 20 % in the 
cost of running a motor vehicle, and an increase of about 30% in 
consumer expenditure as a whole. <t’ Figure 5:1 reflects this 
travel trend and suggests how it may continue over the next 
twenty years. Nevertheless, except in London, buses and coaches 
still carry by far the greater proportion of all public transport 
passengers. There are fewer vehicles, but they offer much the 
same total seating capacity as they did ten years ago. They have 
largely replaced trolley-buses; and have almost entirely ousted 
the tram, contrary to the trend in much of Europe, where tram- 
ways have been maintained and improved, especially in the 
larger cities, so as to provide semi-rapid transit facilities operating 
on reserved and partially segregated tracks. 

As figure 5:2 shows, the ratio of buses to cars in traffic ranges 
from only about one in 40 in a small town to about one in 8 in 
Leeds. In Centra! London, the ratio during the peaks is much the 
same as it is in Leeds. Collectively, buses therefore form a com- 
paratively small part of total traffic. Individually, they are esti- 
mated to have between two and three times the congestion- 
forming potential of an ordinary car; but at peak travelling times 
each carries, on average, rather more than 20 times as many 
people as does a car and in the direction of the main tidal flow 
the proportion is much greater. Buses thus offer big advantages 
in making the best use of limited road space. 



<i) See Ministry of Transport Passenger Transport in Great Britain, 
1964. HMSO, 1965. 




Figure 5:1 Total movement by bus and private car 




Figure 5 :2 The ratio of cars to buses in the centres of towns 
(peak period traffic) 
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5.2 The future for buses in towns 

The design of buses is inseparable from their roles. These are 
undergoing re-appraisal and no clear pattern for the future has 
yet emerged. Overshadowing all bus operation is the effect of the 
growth of car ownership. In the past, the job of public transport 
has mainly been to provide a service for those with no other 
means of transport and although bus operators are losing some 
types of traffic permanently to the private car, the need for buses 
wiU remain. In most large towns, road capacity is not likely to 
grow as fast as vehicle or car ownership, and a decreasing pro- 
portion of car owners is likely to be able to use cars for journeys 
to work in the town centre. So public transport, particularly 
buses, will have to attract an increasing proportion of car 
owners. Restrictions - through price or otherwise - on the use 
of cars could obviously make it relatively more attractive to 
travel by bus than by car. But a more positive approach is to 
design buses and promote a service that will be as attractive as 
possible to the customer. As compared with the private car, 
public transport has inherent disadvantages. For example, it can 
rarely, if ever, compete in convenience as a means of immediately 
available door-to-door travel. Nor can it offer the privacy and 
often the comfort of the private car. It is perhaps significant that 
in the type of service where the industry has gone out very 
strongly to attract traffic in the face of car ownership - the 
holiday coach tour - the changes in public service vehicle design 
have been most marked. We consider that big changes will be 
needed in the design of the ordinary stage-service bus if it is to 
make a more effective contribution to urban travel. 




Plate 5-1 Changes in public service vehicle design have been most 
marked in the luxury coach 



Any attempt to foresee the likely future role of buses has to take 
account of the trends in each part of the overall pattern of bus 
travel. The trend in Manchester'^) over the period 1950 to 1964 
is significant. The total number of passengers carried fell by 
about 28 %, but this decrease was not spread evenly over the 
week. There was a fall of about 25 % in Monday to Friday 
traffic, as compared with about 36% on Saturdays and nearly 
40 % on Sundays. On weekdays the fail during the off-peak hours 
was greater than during the peak. The way in which weekend and 
off-peak traffic has fallen faster than weekday peak traffic is a 
pointer to the future role of buses. 

Despite the uncertainties, there are some roles that buses seem 
likely to have to meet for as far ahead as can be foreseen. 

rt) See Motor Car arid Motor Bus by A. F. Neal. Paper presented to 
Public Transport Association, May 1965. 
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These are: 

(a) the peak hour journeys to and from work. 

Whatever increased use of cars might be brought about bv 
the sort of possibilities discussed in Chapter 3, it seems to' ‘ 
that bus services will continue to be important means of pe^ 
hour travel because of their high utilisation of road space 
For these Journeys the bus will often have to attract the car 
owner. The implications of this for the service to be provide 
and for vehicle design are discussed in Section 5,5,1 below 

(b) services within a town centre. 

The characteristic of these is that individual journeys will be 
short and services will need to be frequent. We discuss this in 
Section 5.5.2 below. 

(c) off-peak services for those who cannot or do not want to use 
personal transport. 

Even with the sort of car ownership levels foreseen for 25 
years' time, there will still be a good many households with- 
out cars. And within car-owning households, the young, the 
very old, the infirm and so on, will sometimes need to travel 
by bus, A third of the population will be unable to drive 
themselves. They will continue to generate demands signifi. 
cant in total, but spread widely in lime and space. We discuss 
this in Section 5.5.3 below. 

Buses will, of course, have other uses. But it seems to us 
that these three tasks will influence the types of service and 
vehicle needed sufficiently to warrant considering them in 
some detail. 

5.3 Characteristics of bus travel 

The importance of various characteristics of bus travel obviously 
varies between different types of service; and the significance of 
these characteristics for vehicle design also varies widely, Some 
important aspects are: 

(a) Convenience which includes end-to-end journey time; fre- 
quency, regularity and reliability of service; picking up and 
setting down points close to the true beginning and end of 
the passenger’s journey; and facilities for carrying at leasts 
certain amount of luggage or shopping. 

(b) Comfort which includes providing enough seals for those who 
want them; good seat design and adequate spacing; good 
lighting; air conditioning; smooth acceleration and braking; 
good riding qualities; the minimum of internal noise and 
vibration; and ease of getting on and off. 

(c) Satisfaction. Travel by bus is slow, as compared with sur- 
rounding traffic. This, and the lack of something to do, as 
compared with driving a car, contributes to making routine 
bus journeys seem tedious. It also makes bus travel seem less 
attractive than travel by other forms of public transport. 

(d) She. A large bus can cope with a wider range of numbers of 
passengers and is usuaEy more economic than a small vehicle 
operated by the same crew. As against this, longer and wider 
buses become increasingly less manoeuvrable and difficult to 
fit into the general flow of traffic; and from the user’s poinlof 
view may result in less frequent services. 

(e) Cost of fares. The car owner tends to compare bus fares not 
with the full cost of motoring but simply with the cost of 
petrol; in other words, he makes a rough assessment of the 
marginal cost of using his car. 

5.4 Characteristics of bus operation 

Two general and related considerations dominate the problems 
and possible design developments of the bus industry - labour 
costs and fare collection. A further, and mcreasingly important 
factor, in part related to fare collection, is the need for inter- 
change facilities, both between private and public transport, and 
between one form of public transport and another. 
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Plate 5-2 ‘Good seat design and adequate spacing; good lighting; 
air conditioning' 



5.4.1 Manning 

Bus operation is labour intensive. Labour costs account for 
about 70% of all operating costs. It is estimated that one-man 
operation of buses can reduce total costs by 15 to 20%, yet at 
present only about 8% of aU stage service mileage is one-man 
operated. (■» Chronic labour shortage in the industry in many 
towns where bus services are particularly important, as well as 
increasing operating cost, emphasises the need for much greater 
use of one-man operation. We do not see this as one man 
doing two men’s jobs but rather as the automation of fare collec- 
tion and the rationalisation of passenger movement. 

5.4.2 Fare collection 

We have assumed that some system of fare collection will con- 
tinue to be needed. For short distance town Journeys there is a 
need to carry a higher proportion of standing passengers, so as 
to increase the capacity of buses at peak travelling times. The 
present British system of having a conductor who circulates 
among passengers collecting fares is particularly unsuited to this, 
quite apart from the question of one-man operation. Various 
arrangements - flat fare operation, prepurchase of tickets or 
tokens, season tickets, automatic ticket machines, payment on 
leaving the bus and other systems - can contribute towards 
solving the fare collection problem. They are potentially 
economic, in that they can eliminate the need for a conductor. 
All of them require that passengers should pass a checking or 
payment point of some kind when entering or leaving the bus. 
The implications for vehicle design can be seen by considering 
examples of such systems which, although not yet in general use 
in this country, may well be setting the pattern for the future. 
Examples are the token system used in Copenhagen and recently 
introduced in Sunderland, various other flat fare systems and the 
systems under development by London Transport for automated 
collection of stage fares. 

The Copenhagen system combines single-deck high capacity (36 
seated and 55 standing) buses with one-man operation, quick 
loading and unloading and a token or cash system of fare pay- 
ment. The bus has two parallel entrances at the front: one is for 
token holders who, on entering the bus, change one or two pre- 
purchased tokens for a single or double ticket, according to the 
length of journey they wish to make. Tokens can be bought in a 
variety of ways before boarding the bus. Passengers without 
tokens can buy tickets for cash from the driver on entering the 
bus, but at a higher price. Buying tokens in advance saves 
boarding time and so speeds up the bus schedule, provided the 



Plate 5-3 The Copenhagen bus — one entrance for token holders 
and one for passengers buying tickets 



The following breakdown of costs is derived from an analysis made 
in the National Board for Prices and Incomes Report No. 16 on 
Pay and Conditions of Busmen (May 19661. Cmnd. 3012. hmso 
1966. 



% of operath 

Drivers 27 

Conductors 22 

Traffic and Administrative staff 7 

Cleaning, maintenance and repairs (including 

labour) 15 

Tyres 2 

Fuel II 

Insurance, licences, operating and administra- 
tive overheads 10 

Depreciation of vehicles 6 



100 

National Board for Prices and Incomes Report, No. 16. 
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incentive is sufficient to make ticket buyers the minority of 
passengers. The exit is a double door in the centre of the nearside 



of the bus. The County Borough of Sunderland recently intro- 
duced a similar system. The vehicle layout is shown in figure 5'3 




4S seated, 18 standing passengers 




ticket token 

buyers holders 



London Transport’s recently introduced one-man operated ‘Red 
An-ow’ service provides a flat fare service, operating between 
Victoria and Marble Arch during the peak hours and over a 
longer route at other times of day. The fiat sixpenny fare facili- 
tates automatic fare collection. Front entrance doors lead to two 
turnstiles which automatically admit the passenger on payment of 
6d. An automatic change-giving machine is installed alongside 
one of the turnstiles for those who board without small change. 
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Figure 5:3 Layout of Sunderland’s one-man operated sinele- 
deck bus “ 



Plate 5-4 Sunderland’s high-capacity one-man operated bus 
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Figure 5 :4 shows the layout of the bus, which is similar to the 
Copenhagen and Sunderland vehicles, except for the turnstile 
passimeter and the higher ratio of standing to seated passenger 
accommodation. 

The layout and passenger circulation arrangements in these buses 
are suitable for a flat or simple zonal fare, and for services where 
it is acceptable to have a significant proportion of standing 
passengers. For the longer distance town services, seats for all 
may be needed, with a fare collection system that enables a range 
of fares to be charged. (We are not competent to discuss the 
economics of flat and zonal fare systems over large areas, but we 
note that flat fares, after having been widely adopted in North 
America, are now being replaced by graduated fare systems.) A 
system of combining a mileage fare with automated collection 
would involve having an entrance near the centre or rear of the 
bus, with passengers obtaining, for example, a magnetically 
printed ticket on entry and having to pass an exit turnstile which 
would read the ticket and calculate the fare. Boarding time would 
be saved and the collection of fares would be spread out along 
the route. As the check point would be at the exit, this would 
have to be at the front of a bus if the bus were to be one-man 
operated. 



Plate 5-5 The ticket-issuing machine on Sunderland’s buses 





Figure 5:4 Layout of London Transport’s ‘Red Arrow’ 
single-deck bus 
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Ptate5-6 London Transport's ‘Red Arrow* 




Phte 5-7 The twin ‘passimeter* on the ‘Red Arrow’ 




5.4.3 Interchange 

The facility for passengers to transfer from one bus service to 
another, and between buses and other forms of transport, public 
or private, also affects bus design. This aspect of bus operation is 
likely to become increasingly important in the context of a 
properly integrated urban transport system aimed at making the 
best use of the facilities offered by various means of travel. 

A public transport service aiming to compete with the private car 
must extend deeply and widely into the areas it serves, so as to 
provide bus stops as near as possible to the passenger’s true 
starting point and final destination. For some journeys this car 
be done by providing through bus services, without expecting 
passengers to change from one route to another. For other 
journeys - and perhaps the majority of the longer journeys in 
towns - it means that at one or more places en route the passenger 
will need to change, from bus to bus (perhaps with dilTerent 
operators), rail to bus, car to bus, or from coach to taxi. All 
these possibilities (and their opposites when travelling in the 
reverse direction) have very wide implications, involving for 
example route-ing, integrated fare structures and inier-validity of 
tickets, as well as the design of railway and bus stations, car 
parks and bus stops. We have considered these implications only 
in so far as they affect the design of the bus itself. 

E^ntially, it must be possible to make the transfer with the 
minimum of delay and, in our climate, preferably under cover. 
One of the great attractions of the private car is that it offers dry, 
warm, comfortable through travel, independent of the weather. 
In contrast, because of the primitive interchange arrangements 
now commonly found in towns, public transport users must be 
prepared to carry their own protection against wet and cold, even 
though the buses themselves may be fully air conditioned. 

Buses designed for easy interchange need high capacity entrances 
with, perhaps, exits on both sides of the bus, a feature which 
would also be an advantage in one-way streets. This means 
having power-operated doors under control of the driver. It 
could also lead to the driving position being in the centre rather 
than on the offside. Because of the virtual impossibility of having 
raised platforms at all bus stops, the entrance and exit steps must 
be as easy to negotiate as possible from kerb level. This implies a 
low floor, which has important consequences for the design of 
the chassis and in particular tyres and wheels, brakes, suspen- 
sion, and the location of the engine and the transmission. 
Weather protection during interchange means covered transfer 
areas. With entrances and exits on the near-side only, this could 
email roofing (or subways) between “platforms’. Roofs would 
need to be very high for double-deckers to pass under them, and 
subways are expensive and not always possible. But, with doors 
on both sides of the bus, canopies and screens over the platforms 
themselves might be enough. A further factor would be the effect 
of inter-validity of tickets on the system of fare collection and, 
tenoe, on the deign of the bus itself. All this points to the need 
or radical thinking on the whole quetion of interchange facilitie 
generally, and their effect on bus design and operation in 
particular. 



Plate 5-8 Poor interchange facilities 
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5.5 Design needs for some particular types of 
service 

In the light of the general considerations already set out, we have 
looked at the sort of bus design features that would be appro- 
priate to the particular sorts of service set out in Section 5.2 
above. 

S.S.l Peak hour services 

As we explained in Section 5.1, peak hour services will continue 
to be vital in existing large towns. We have also pointed out that 
buses cannot hope to compete on equal terms with the private 
car. But travellers will expect to be able to make their journeys as 
quickly as possible. Boarding and alighting time (and hence fare 
collection arrangements), acceleration and braking and, perhaps, 
(op speed capability ail contribute to this, and need to be taken 
account of in design. 



Plate 5-10 An example of a modem double-deck bus 
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Wilh li'.c tiuditinnul i'ombincd entrance and exit no one can 
board the bus until ail. or nearly all those wishing to alight have 
done so. E\en so. in prc->cm-day stage service bus operation, the 
average boarding time is about U seconds and alighting time is 
about 1 second per passenger. Fare collection by a roving con- 
ductor docs not usually afTect boarding and alighting time. 
Separate entrances and exits prevent the sort of delays caused by 
combining them. If one-man operation is also introduced the 
limiting factor tends to be the method of fare collection; but with 
an efficient system, and a well-designed vehicle, loading and un- 
loading need take no more time than with the traditional open- 
platform bus. and may even take less. Separate entrances and 
exits may slightly reduce seating capacity, but need not neces- 
sarily reduce overall capacity, because the one-way movement of 
passengers through the bus allows more standing passengers to 
be carried vv ithout obstructing entry and exit. Separate entrances 
and exits do, however, add significantly to the cost of construction 
and maintenance. 

The maximum acceleration of buses is not much more than 

1 mph per second and is less for some double-deck buses. The 
effect of this on traffic congestion (compared with maximum 
accelerations of about 4 to 5 mph per second commonly avail- 
able, and 3 to 4 mph per second commonly used, in carsl is 
discussed in Chapter 2. Here we are concerned only with the 
effect on bus services. Car-like acceleration would be undesirable 
in a bus with passengers continually moving to and from the 
entrances and exits. But London Transport trains use up to 

2 mph per second and this suggests that a level of 2 to 3 mph per 
second on buses would be acceptable provided that the rate of 
change of acceleration was not greater than about 2-2 mph per 
second per second. This degree of smoothness cannot reliably be 
achieved with manual gear change but should be possible with 
automatic transmission. Figure 2:5 in Chapter 2 shows the effect 
on journey time of improv ed acceleration. .An improvement from 
1 to 2 mph per second could save nearly four minutes, or about 
I5°o of journey time, on a typical five-mile-town bus journey with 
five stops per mile. And a further improvement to 3 mph per 
second, which is probably the acceptable maximum for standing 
passengers’ safety and comfort, could save over five minutes, or 
more than 20° ^ of journey time, in all. Time saved by passengers 
would not be the only advantage. It might also be possible to 
provide either the same service frequency with fewer buses or a 
better frequency with the same number of buses. Although 
higher accelerations vvould increase the first cost of a bus and 
perhaps also its running cost, we are advised that a 10“o saving 
in journey time could well pay for itself by reducing total 
operating costs. 

Decelerations of up to 3 mph per second are already common in 
service conditions and this is as high as passenger comfort allows. 
The top speed of buses in town is adequate for town conditions, 
and higher top speeds would be easily attainable if they were 
justified. 

Better acceleration and higher running speeds would accentuate 
the need for smooth riding qualities. In this, the double-deck bus 
has disadvantages. Passengers on the stainvays are particularly 
vulnerable to bus movement, and roll and pitch are always 
accentuated on the upper deck. These reasons, as well as the 
problems of supervision in one-man operation of double-deckers, 
suggest that the single-deck bus may be an increasingly more 
suitable type of vehicle for town use. They also probably rule out 
the idea of a three-deck vehicle, quite apart from loading and 
unloading, stability and route-ing problems. We do not, how- 
ever, suggest that the double-decker will not have a continuing 
role, especially for heavily loaded routes running into town 
centres. It can always offer a higher seating capacity - though not 
necessarily higher total capacity - than a single-decker of the 
same length, width and manoeuvrability ; and it seems to us to be 
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at least questionable whether its greater height is as much of an 
intrusion on the urban scene as is sometimes suggested. 

Greater comfort in buses is not, technically, difficult to provide. 
More sophisticated suspension systems, individual seats, sound- 
proofing, air conditioning and good lighting have all been 
applied in coaches and show the standards of comfort that are 
possible, at a price. 

5.5.2 Town centre services 

Bus services within town centres are at present provided chiefly as 
parts of radial or through routes. This limits both the quality of 
service and the prospect of using a specially-designed vehicle. 
Services in town centres are needed to distribute passengers 
coming in by road or rail on longer distance services; to dis- 
tribute passengers arriving at car parks on the perimeter of the 
central area; and to provide links between shops, offices and the 
like within the central area. These needs point to a small, 
manoeuvrable vehicle able to make full use of the central area 
street network; quick and easy boarding and alighting, particu- 
larly at interchange points; a comparatively high proportion of 
standing passengers, because journeys will be short; and auto- 
mated flat-rate fare collection, for simplicity and economy, 
Washington D.C. has a bus service of this sortt^i and the 
London Transport ‘Red Arrow’ bus is providing an off-peak 
service with some of these characteristics but using a relatively 
large, high capacity vehicle designed primarily for peak hour 
operations. The apparent success of the peak hour ‘Red Arrow’ 
sen-ice itself suggests that, despite their lack of manoeuvrability 
compared wilh the bulk of the traffic on town roads, very high 
capacity buses, perhaps capable of carrying upwards of 100 
passengers, many of them standing, may have a place in pro- 
viding the short-distance links between termini and central area 
destinations. 

5.5.3 Other services 

Other services differ from the peak and town centre services 
because, basically, they are not in such direct competition with 
the private car. The main user of these services seems likely to be 
someone without a car - often the poor, the young, the old, and 
the infirm. These types of user will need a service which must 
above all be cheap but which is unlikely to be intensively used. 
They will also need some luggage space. This suggests that ser- 
vices of this type may offer a means of using the residual life of 
still serviceable buses that cease to meet the needs of more com- 
petitive and demanding routes. But the community may demand 
something better than this, even at the expense of some special 
financial arrangement. 



The Washington minibus service started as an experiment in 1963. 
During the trial period the buses carried about 6.000 passengers a 
day, and their popularity enabled the service to continue on a 
commercial basis. A fleet of 10 buses each 20 ft long and 7 ft 6 in 
wide, and capable of carrying 30 passengers (18 seated, 12 standing) 
provides a 2i minute service over a li mile route in the central 
business and shopping district of Washington D.C, The buses are 
one-man operated and a lowJ[flat fare is charged. The effect of tlie 
service has been to stimulate trade and to reduce traffic along ilie 
route by 4 through less use of cars and taxis. About 1 ,500 people 
per day who previously walked along the minibus route now use the 
Mrvice. See p,e Minibus in Washington D.C. Mass Transportation 
Demonstration Project. Final Report. 1965. 
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Plate 5-1 1 The Washington minibus 



Plate 5-12 An ‘executive’ coach 




5.6 Conclusions 

We are of the opinion that future operating needs are not likely 
to be met, as in the past, by a general-purpose bus. This does not 
necessarily mean a wide range of different types of vehicle. The 
needs of a particular undertaking might well be met by two or 
three types. But the standard and versatility of service implied 
raises design problems of some difficulty - perhaps the biggest 
two being automating fare collection without going over to fiat 
rates, and the achievement of much better accelerations without 
incurring excessive engine and transmission costs or prejudicing 
wear life and mechanical reliability. These pose significant 
technical problems, but in our view they are certainly capable of 
solution well within the time-span we arc considering. 

There is also the problem of optimum size. A high capacity bus 
offers operating economy. But buses built to the present maximum 
dimensions - 36 ft 1 in long (and there are proposals Co extend 
this to 39 ft 4i in), 8 ft 2i in wide, and with a maximum swept 
turning circle of 71 ft - are larger than all other normal road 
vehicles except heavy goods lorries which, themselves, make up 
a comparatively small part of urban traffic and are not so tied 
to routes and timekeeping. Large buses need wide traffic lanes 
and plenty of room to negotiate the sharp turnings found in most 
existing town centres. A substantially narrower and shorter bus 
would not only be more manoeuvrable; it could increase the 
possibility of obtaining an extra traffic lane on existing streets, 
perhaps reserved for buses at certain times. We suggest it could 
be well worthwhile making a design study on optimum bus size 
for town centre use, taking all the operating traffic and economic 
factors into account. 

But the main factors inhibiting some of Che foreseeable develop- 
ment are not at present technical but financiai and organisational. 
In this country the stage bus has, for years, been losing custom to 
other forms of travel. Unless some change in incentives is imposed 
as a matter of policy, the growth ofear ownership can be expected 
to continue to erode the viability and hence the competitiveness 
and, perhaps, theefficiency of bus operation. Without taking any 
view on the merits of various means of adjusting the balance of 
competitiveness between private and public transport, it is never- 
theless clear that under congested town conditions, some road 
users are not now required to face the social costs they impose on 
others. The practical effect of this is to leave car users, who 
average about 3 to every 2 cars - and even less at peak travelling 
times - adding greatly to congestion and paying less - in econo- 
mic terms - than the real cost of using congested roads, as com- 
pared with bus passengers who number from 20 to perhaps 70 or 
more per bus at peak times. This, and other pressures, have 
forced operators to give undue weight to keeping down fares. 
This has resulted in a service that tends to fall short of the needs 
of the community and becomes increasingly less competitive with 
other means of travel. We are neither competent, nor is it our job 
to suggest how any new financial framework can best be provided. 
But it seems unlikely that the full benefits from what is technically 
possible in the design of buses and coaches will be achieved so 
long as operators are expected to operate under conditions in 
which fares sometimes hardly cover costs, and in which fare 
increases encourage more people to switch to private transport - 
which although cheaper to them personally is often more expen- 
sive to the community as a whole. 
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6 Goods vehicles 



Goods vehicles range from small deliverj’ vans to large articu- 
lated lorries. In this chapter we look at the size and composition 
of the goods vehicle fleet, and in the light of the overriding need 
to keep trafflc congestion to a minimum, consider the extent to 
which design considerations, such as vehicle dimensions, power 
and facilities for loading and unloading, influence and are 
influenced by operating patterns. 

Many things - such as the national income level, the regulatory 
framework, changing manufacturing, wholesaling and retailing 
techniques and methods of storage, and restrictions on the use of 
roads for loading and unloading - affect the movement of goods 
by road. Above all the future role of the goods vehicle will 
depend on the place of road haulage io relation to the railways 
and coastal shipping. <>> 

6.1 Present trends 

At present, road transport carries the bulk of goods in this 
country, moving some four-fifths of the total tonnage and over 
half of the total ton-mileage. These figures reflect the greater 
average journey lengths by rail (about 70 miles) than by road 
(about 25 miles). Many short journeys are necessarily made by 
road, while delivery is often made by road from rail terminals. 
The relative importance of road haulage, the railways and 
coastal shipping is perhaps best reflected by their respective 
shares of all hauls of more than 100 miles - in terms of ton- 
mileage the breakdowTifS) is roughly, road haulage 40®/, railways 
30 coastal shipping 30®'. This suggests that each has an 
important part to play. 

In central London, goods vehicles of all kinds form just over a 
third of all traffic.<3) Figures 6:1 and 6:2 show the purposes for 
which they are used in the survey area as a whoIef-»> and the 
pattern of journeys in terms of the destinations served. Most of 
the journeys to people’s homes are retail deliveries, mainly by 
milk floats. Retail deliver}- journeys are almost invariably made 
by day, commonly beginning in a town centre. Nevertheless, it 
srems that wholesale deliveries, of which over two-thirds are to 
shops, and five-sixths are carried out between 8 am and 5 pm, 
are the main source of the traffic congestion caused by goods 
vehicles in town centres. 



The apparent ttend towards the increasing use of road transport at 
the n the railways masks a complex situation with which 

R^ort on Carriers Licensing, hmso. 1965, dealt fuliv, 
Sn Committee concluded that there was little direct 

® disparity in growth 

between the trades and industries for which road transmrt is 
adSnllys!"' iridustries for which rail has special 

Geddes Report, para. 3.13. 

Jr*" <'“-)■ >■ Oiapter 8. Lc.c. 1964 
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Total mileage 





Total journeys 



mail & parcels 

retail deliveries 

business use 
apart from deliveries 



Figure 6:1 The purposes for which goods vehicles are used 
in the London area 



Total mileage 




Total journeys 





commerce 
other destinations 



Figure 6:2 Destinations served by goods vehicles in the Lon- 
don area 
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F igure 6:3 shows two signiiicuni trends - the number of goods 
vehicles is growing, and larger vehicles are forming an increasing 
proportion of the total goods fleet, .^llhough the medium and 
heavy goods vehicles together represent under a quarter of the 
total fleet, they tend to move larger loads over longer distances 
and carrv the bulk of all goods moved by road. 



(thousands) 




Innumerable variations in operating patterns e.xist, but broadly 
two types of goods vehicle journey predominate - long hauls 
which may or may not involve either picking up or delivering 
goods in town centres, and urban distributive services. Goods 
vehicles in towns therefore span the full range from light dis- 
tributive vehicles which rarely, if ever, leave a narrow operating 
area, to heavy vehicles primarily intended for long hauls. 
Operating patterns tend to vary according to the category of 
licence holder, so it is significant that the proportion of the 
goods fleet run under C licence has been steadily increasing, and 
now accounts for nearly nine-tenths of the total fleet. However, 
there is no indication that the licensing system has any influence 
on vehicle design. 

The maximum size and weight of goods vehicles is controlled by 
Construction and Use Regulations."-’ Figure 6:4 shows the 



A and B licence arc held by hauliers carrying other people's 
goods for reward 'C licensed vehicles are run solely in the interests 
of the operators own business. The licensing system is fuliv 
discussed in the Geddes Report. 

See glossary, 

<’> See glossary. 
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extent to which successive increases in the maximum permitted 
dimensions have allowed larger and heavier vehicles, and in the 
foreseeable future we can expect vehicles of up to 50 to 60 feet 
in length to be used in this country. The 1964 amendments show 
how the regulatory framework can affect design by influencing 
the relative costs of using different types of vehicle. Before 1964 
rigid vehicles were generally most economic for long hauls, but 
with the change in the permitted maximum operating limit to 
32 tons, and the raising of the limit for rigid eight-wheel vehicles 
to only 26 tons, articulated vehicles became most economic for 
such journeys, for only they could make full use of the maximum 
permitted all up weight. Changes in Construction and Use 
Regulations in the future might well alter further the existing 
economic balance, for example, the attractiveness of larger 
vehicles would increase if the regulations were to allow them to 
carry very large containers of the type now being used inter- 
nationally. 

6.2 Engineering design possibilities 

The operator aims to get the best possible return from his 
vehicles. This means that they should be reliable, carry the 
maximum possible load for their size, be able to get as dose as 
possible to their destination, and be easy to load and unload. 
The delivery of goods is a labour intensive operation, and the 
pressure of costs is such that the operator is continualiy looking 
for ways of improving effidency. In consequence, more and more 
vehicles are being ‘purpose-built’ to the individual operator’s 
needs, and this trend towards the greater use of special purpose 
bodies and supplementary equipment can be expected to 
continue. 

6.2.1 Manoeuvrability 

In practice, design changes to improve manoeuvrability tend to 
be offset by the use of longer less manoeuvrable vehicles. Any 
marked improvement in vehicle manoeuvrability in the future 
will therefore depend not only on the free development of design, 
but also on regulations specifying maximum swept turning 
circles. Alternatively, it may be necessary to limit the size of 
vehicles entering town centres or restrict them to certain routes. 

6.2.2 Transmission and suspension 

Automatic transmission is being increasingly used in light goods 
vehicles, and is to be found also in a few medium sized vehides. 
Although its advantages may be slight on long journeys where 
there are comparatively few gear changes and where fuel con- 
sumption may be adversely affected, its advantages for vehides 
which are driven in congested urban areas or by several different 
drivers are being more widely appreciated, and we expect its use 
to increase. We also expect the trend towards the use of better 
suspension systems to continue. Leaf springing has disadvantages 
m that It contributes to noise, especially in unladen vehicles, 
while maintenance is difficult and costly; if automatic lubrication 
IS used, oil can be spilled on the road. Coil-spring, rubber and 
atr suspension systems'” do not have these disadvantages and 
their increasing use will therefore benefit both the operator and 
the general public. 

6.2.3 Ergonomic factors 

Greater attention is being given to ergonomic factors in the 
desi^ of goods vehides, and power operated or power assisted 
steering and brakes are becoming increasingly common on the 
heavier vehicles. More regard is being paid to the design of the 
drivers cab to improve access, visibility, safety, comfort, venti- 
lation and ease of control We expect this trend to continue with 
particular emphasis being placed on improvements in vehicles 
for town use, for example, by greater use of sliding doors and 
roller shutters to improve access to the cab and vehicle interior 
and labour saving loading and unloading devices 
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Note: 

Lengths shown do not apply to articulated vehicles constructed 
and used for the carriage of very long indivisible loads. 




a-0"if UW. exceeds _ 
4 tons, otherwise 7^6" 

8L2V2'' 



Figure 6:4 Changes in the maximum dimensions of goods 
vehicles 
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Plate 6-3 Side loading 
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96 Plate 6-4 Conveyor loading 
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Plate 6-S Long-haul articulated vehicle 



Plate 6-6 Small articulated vehicle 



6.2.5 Articulated vehicles and trailers 

Broadly, there are two main types of operating pattern with 
which articulated vehicles are associated. High utilisation of 
small and medium sized articulated vehicles used for distributive 
services in towns is achieved through semi-automatic or fully 
automatic coupling and uncoupling, the prime mover leaving 
one semi-trailer to be loaded or unloaded while it moves another 
one. In contrast, large long-haul prime movers and semi-trailers 
often remain more or less permanently coupled. Articulated 
vehicles are often better than rigid vehicles from the traffic point 
of view and are generally much more manoevrable than rigid 
vehicles with trailers. Articulated vehicles offer greater operating 
flexibility and a higher load potential than rigid vehicles and 
lower operating costs than vehicles drawing separate trailers. 



Complete interchangeability between the prime movers and semi- 
trailers of an operator’s fleet is essential for vehicles engaged on 
short hauls if they are to be used to best advantage. This means 
that coupling, braking and electrical systems must be standard- 
ised so that the two parts of the vehicle will always match. For 
vehicles engaged on long hauls the crucial things are the maximum 
pay load that can be carried and the relative costs of operating 
articulated vehicles, rigid vehicles and rigid vehicles and trailers, 
factors which are determined more by regulation than vehicle 
design. In recent years there has been a considerable advance in 
the detailed design of semi-trailers but there is still scope for 
further improvement in, for example, stability, braking, suspen- 
sion and the design of couplings and headboards. Less progress 
has been made with separate trailers, mainly because their use 
has declined as they are restricted in size and weight, uneconomic 
and unwieldy in traffic. But we see no special problems in im- 
proving their design to meet any new demands. 
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not in a position to say whether lhi.s or some higher standjr; 
would be necessary. 

At present, operators generally are more interested in lceepo( 
maintenance and fuel costs to a minimum than in improitj 
performance. This emphasis on economy has led to the increasir^ 
use of diesel engines. The vast majority of medium and hean 
goods vehicles are now powered by diesel engines, and iheiri* 
in smaller goods vehicles, which is becoming apparent, canic 
expected to become more marked in the future. 

Increases in the size and weight and improved performance d 
goods vehicles will accentuate the need for improved brakin? 
The principal difficulty may well be the provision of wbft 
brakes capable of dissipating the heat generated during braking 
This suggests that some form of independent auxiliary brake 
such as an hydraulic or electric retarder<s> might becmn! 
increasingly necessary on heavy goods vehicles to leave the 
wheel brakes cool for low-speed braking and emergency use. 



• ^ ooovKioa (ptrticu- 



‘® See glossary. 





Plate 6-9 The comparative ease of unloading in the late evening 



Plate 6-8 The difficulties of on-street loading by day 



6.3 Segregation 

The goods vehicle is a source of congestion (particularly in 
towns) because of its size, its poor manoeuvrability, which 
increases the obstruction it causes when turning or moving in 
and out of loading spaces, and its lack of acceleration, which 
greatly reduces traffic flow especially in stop and start conditions. 
But on the other hand, the goods vehicle is an essential user of 
town roads and will clearly remain so. However, the growing 
number of lorries and the general pressure on road space in 
towns increases the need for keeping the congestion they cause 
to a minimum. 



special features of the vehicle. Apart from the provision of 
electric power to work a vehicle’s mechanical handling equip- 
ment, bays and ramps can be specially designed for the vehicles 
using them. Above all, it is dear that the most efficient working 
pattern will only be established if the ’package’ nature of the 
relationship between vehicle and premises is fully appreciated 
both in new building construction and vehicle design. 

6.3.2 Segregation in time 

In practice, segregation in time will usually mean goods delivery 
at night. This is already being tried by some firms which need to 
deliver to premises in the busiest town streets where access is 
very difficult by day. At present, night work tends to be un- 
popular and retailers and others receiving goods at night have to 
make special arrangements for their premises to be opened and 
for consignments to be checked. This means that many people 
besides the delivery driver are called upon to work night hours. 
But the increasing use of mechanical handling techniques and 
premises adapted to night delivery will greatly improve the 
position. Recent developments such as power-operated tail 
loaders, conveyors and moving floors make one-man loading 
and unloading operations practicable, whilst (he use of sealed 
container delivery to say, a retailer’s ’night safe’, would obviate 
the need for staff to receive consignments. Such techniques 
would allow the most productive use of labour by both the 
retailer and the vehicle operator, and from the latter's point of 
view would allow the most intensive use of high cost capital 
equipment, for the vehicles could probably be used in non- 
congested areas by day. 

This suggests that night delivery will be seen increasingly to be 
in the best interests of operators, retailers and the community at 
large. We therefore expect its use as a means of avoiding day- 
time congestion to spread, particularly where off-street loading 
and unloading facilities are not available. 

This would have two main design implications for the goods 
vehicle. Firstly, design would increasingly reflect the demand 
for the aids to loading and unloading which make for efficient 



Regulation can help; for example, by restricting the entry of the 
largest and least manoeuvrable goods vehicles into town centres 
and by applying general street loading and unloading restrictions 
during much of the working day. More extensive restrictions, 
both in time and area, including more urban clearways (involving 
peak hour loading and unloading restrictions) seem inevitable. 
But such regulations by themselves are not the complete answer. 
For (he operator, they interfere with his job of collecting and 
delivering goods, and both while moving and stationary goods 
vehicles would still cause some interference to traffic flow. 

This points to the advantages for both the operator and the 
community as a whole of some segregation of goods vehicles 
from other tralfic either in space or time. The former means the 
use of off-street loading and unloading facilities and the latter, 
special times for delivery in town centres, for example at night. 



6.3.1 Segregation in space 

The use of off-street loading and unloading facilities wherever 
possible has considerable design implications, for goods vehicles 
will increasingly be designed to make the best use of these 
facilities. This will lead to them becoming more and more 
‘purpose built’ for the job to be done. Moreover, off-street 
facilities will need to be constructed to lake full advantage of the 
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Plate 6-10 Interchange depot 



6.4 Segregation, operating patterns and design 

Besides the design implicatjons of segregation which have already 
been mentioned, segregation wifi influerKe goods vehicle design 
indirectly by stimulating operating patterns which in turn affect 



6.4.2 The use of containers 

The increasing use of containers (of an agreed standard range of 
sizes) for the movement of goods, both in this country and 
abroad, is particularly important. Broadly, these are of two main 



nighl delivery. Secondly, extensive night delivery would make 
vehicle noise a critical factor. We suggest in Chapter S that the 
large commercial vehicle presents one of the most difficult 
problems from the point of view of reducing engine noise to 
acceptable levels. Electric traction has worthwhile advantages in 
this respect, but as explained in Chapter 10, it also has important 
limitations which suggest that conventional storage batteries 
would not be a suitable power source for the majority of goods 
vehicles. But the ziiK-air battery might overcome the disadvan- 
tages of existing storage batteries. However, not only will engine 
noise have to be kept within acceptable limits but noise from 
goods handling will also be important. We have shown that we 
expect more and more goods vehicles to be equipped with power 
operated handling equipment. At present such equipment is 
usually run from the vehicle engine but this may prove to be 
unacceptably noisy for night working in which case it would 
need to be driven electricaily either from the vehicle’s batteries or 
from an electric source at the premises where the dclivoy was 
being made. Even with across-the-pavement unloading, it should 
be possible to provide power points to which a lorry or van could 
be connected. But most power-operated equipment could, if need 
be. be electrically operated from the vehicle's own battery. 



design. Of these, (he most important are likely to be the increasing 
use of interchange points and containers. 

6.4.1 Interchange 

Out of town interchange points, i.e. depots at which consignments 
for town centres are sorted and co-ordinated so that (he minimum 
amount of lime is actually spent in congested areas, are already 
used by some road hauliers. We expect their attractiveness to 
increase as motorways and improved trunk roads stimulate the 
use of the largest permissible vehicles for the movement of bulk 
loads by road, and containers become more widely used, whik 
on the other hand traffic conditions make it increasingly necessary 
to discourage the entry of such vehicles into towns. Great impetus 
will be given to the movement of goods direct to and from the 
Continent by road when the Channel Tunnel is constructed and 
this will make the problem even more acute. Even if interchange 
systems do not become essential to cope with the increasing use 
of the largest containers, the advantages to the community which 
interchange would give in terms of improved traffic movement 
and urban amenity might outweigh the disadvantages of extra 
handling and administrative costs, and these factors would need 
to be carefully evaluated. 
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Plate 6-1 1 Special facilities for container handling 



types - very large containers which are used for long distance 
hauls and international traffic, and smaller containers which make 
for easy handling to small outlet points such as retailers’ premises. 
Both types of container greatly reduce handling costs and allow 
the most effective use to be made of expensive capital equipment, 
and the smaller containers have the additional advantage that 
they help to reduce traffic congestion in towns by, on the one 
hand, greatly improving the efficiency of night delivery and on 
the other, reducing the time needed for across the pavement 
deliveries when these are unavoidable. We therefore expect 
greater use of such containers in the future, and that vehicles will 
become increasingly fitted for handling them quickly. 

The entry of the very large vehicles needed for the largest con- 
tainers into towns creates problems, but if such vehicles were kept 
outside towns altogether, it might be possible to tolerate from 
them, for example, rather higher noise levels and poorer 
manoeuvrability. But some of them would still need access to 
towns, for example, to deliver to docks, and in such circum- 
stances partial segregation by regulation would be necessary, i.e. 
special routes and times of use would need to be laid down. The 
use of two semi-trailers either in tandem or bolted together to 
form a single rigid body would help to overcome the need for big 
goods vehicles to enter towns. ‘Doubles’, as they are called, are 
already widely used in the usa. The combined unit is used for 
long hauls, but the semi-trailers are separated and each is hauled 
by a smaller prime mover for urban deliveries. At present, the 
Construction and Use Regulations do not permit an articulated 
vehicle to tow a trailer. This precludes the use of semi-trailers in 
tandem, but there is no reason why single rigid body tandems 
should not be used, and we expect them to become increasingly 
popular with operators in this country. 




Plate 6-12 The Crane-Fruehauf twin-tainer - two vans in one 



6.5 Conclusions 

The need for and the possible ways of segregating goods vehicles 
from other traffic is likely to be the major influence on the design 
of such vehicles in our time scale. We have shown how closely 
possible design developments and operating patterns are related, 
and how, with the overriding need to reduce town traffic con- 
gestion, this relationship is the point at which the interests of the 
individual operator and the community as a whole meet and can 
conflict. We have indicated some of the design changes that can 
help to reduce this conflict. But above all, it is clear that a more 
deliberate balance than in the past will have to be struck between 
these interests. 
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7 Safety 



7.1 Road accidents in towns 

Traffic accidents in built-up areas"* aarounl for nearly three- 
quarters of all road casualties. These accidents happen at lower 
speeds than on the open road, and tend to be less serious. Even 
so, about a quarter of the 280,000 road casualties in towns in 1964 
involved deaths or serious ituury'i*. Thirteen out of fourteen 
pedestrian casualties occur in towns. 

Accidents happen for many reasons. The behaviour of drivers 
and pedestrians, the design and state of the roads and conflicts 
between different road uses are important factors. Our particular 
concern is the contribution that vehicle design can make to road 
safety. 

We have taken it as axiomatic that vehicles can and should be 
engineered so as to be mechanically safe, in the sense that pro- 
vided they are properly maintained, accidents should not be 
caused by mechanical failure or malfunction. We have limited 
ourselves to considering: 

(a) design features which make it less likely that an accident will 
occur; and 

(b) the ways in which design can reduce the risk of injury both to 
vehicle occupants and to other road users if an accident 
happens. 

7.2 Avoiding accidents 
7.2.1 Control of tbe vehicle 

A vehicle which handles well is easier and less tiring to drive, and 
contributes to tbe driver's ability to deal with the unexpected. 
Well designed controls and good responsiveness to them arc also 
important. Traditionally the controls have been arranged so as to 
divide tbe functions between the driver's hands and feet. But 
other arrangements have been tried experimentally, for example. 



Plate 7-1 Ford’s ‘Wrist-twist’ steering control 
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a single lever has been used to control turning, acceleration, 
braking, gear selection and the horn; wrist-operated controls 
have been substituted for the steering wheel; and pressure pads 
for pedals. Although new types of control might reduce the 
amount of elbow or leg room needed by the driver, there is little 
evidence to surest that any of these systems would necessarily 
give better control or offer worthwhile advantages over, for 
example, the steering wheel. All of them involve a degree of 
complexity which could create new problems of reliability; and, 
there is the additional point that universality of controls is an aid 
to safety. 

7.2.2 Loss of control 

The greatest risk of loss of control is through wheel-lock and 
skidding. This can happen even on a dry road, but is much more 
likely on wet slippery roads. Town roads often become polished 
by a constant flow of traffic and are particularly dangerous when 
wet. The importance of good resistance to skidding is shown by 
the number of skidding accidents in wet weather - there were 
nearly 18,000 in built-up areas in 1964. 

Road surfacing is the subject of continual research and develop- 
ment to improve safety, and in recent years improvements in the 
design and manufacture of car tyres have also made a m^or 
contribution to better road-holding. Further development work 
on tyres can be expected to lead to continued improvement and 
to the improved car tyre construction techniques being increasing- 
ly applied to commercial vehicle tyres. But the problem of wheel- 
lock is bound up with the design of braking systems. These could 
be improved to reduce the risk of wheel-lock by devices such as 
those relying on load-sensing,*'** which already exist but need 
further development. More elaborate anti-wheel-locking devices, 
such as those found on aircraft, are costly and not yet generally 
suitable for use on mass-produced road vehicles. They are, how- 
ever, being fitted to some high performance cars and a few heavy 
lorries. These devices not only prevent wheel-lock, but also 
reduce stopping distances on wet roads. The advantages they 
offer would be particularly great for motor cycles and mopeds, 
which are especially vulnerable to skidding. 



<i> That is, where speed limits of 30or 40mph apply. 

(2> Ministry ofTransport, Road Accidents 1964. hmso, 1965. 

13> Ministry of Transport, Road Accidents 1964. hmso, 1965. 

Load sensing devices vary automatically the braking effort applied 
to the vehicle’s wheels according to the load they are carrying. 
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7.23 AII*round visibility 

Good all-round visibility is exceedingly important to safety and 
depends largely on good design for (he elimination of blind spots 
and internal reflections. 

A good rear view is particularly important in towns, where 
vehicles are continually overtaking and changing lanes. This 
presents particular problems for buses and heavy goods vehidea, 
for which more sophisticated devices than ordinary rear view 
mirrors may be justified. Long periscopk or small dosed circuit 
television viewers are possibilities, and their costs may become 
low enough for them to be installed on the more expensive and 
intensively used vehicles. 

Keeping the windscreen and other glass clear, both inside and 
out, remains a problem. But new solutions may be possible. For 
example, internal misting might be largely overcome by double 
glazing: and recent developments in the manufacture of safety 
glass may make this more feasible than has been possible 
hitherto. 



Quite apart from the illumination provided by the headlamps, 
vehicle lighting serves to indicaic the vehicle's presence and is 
used as a means of signalling. Better street Ughting is already 
being provided on main traffic routes in towns, and we consider 
that greater safety at ni^t is more likely to be achieved by this 
means than by improving the performance of vdikle headlamps. 
The use of a vehicle's lights to indicate its presence is another 
matter. Experimenu are in progress to determine the value of, 
for example, using headlights to distinguish between sutkmary 
and moving vehicles at night and in bad visibility, both in built-up 
areas and elsewhere. We see nothing technically difficult in this. 

At present, vehicle signalling equipment can show when a 
vehicle is about to move off or turn, and that the brakes are being 
applied. As town traffic becomes more dense, signalling sysietm 
may be needed which give better information about a vehicle's 
intended behaviour. There are many possibiUties. For exam*^. 
stop lamps and direction indicators can be mounted hi^ on the 
vehicle perhaps even above roof level, so that they can be seen 
more easily by other drivers; stop lamps might be made to show 
the degree of braking effort being applied, and other ways of 
giving more information about slowing down and stopping might 
he develooed if the need for them was established. Uniformiiy of 



Plate 7-2 Dunlop Maxaret braking device 



Plate 7-3 Anti-lock braking device on front wheel of motor cycle 
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7.3 Protecting vehicle occupants 

The most numerous and serious accidents - about two-thirds of 
the total - are head-on collisions with other vehicles or with 
obstacles. The next most serious are side-impacts, which may 
severely injure the occupants nearest to the point of impact. 
Least serious are rear impacts and overturning. 

The vehicle occupants may get hurt by striking the inside of the 
car, by being ejected, or by being crushed. The most dangerous 
injuries are to the head, neck and body. If new patterns of 
vehicle use develop'^), the relative importance of different 
accident types may change, but it is stiU highly probable that 
injuries will mainly be caused by impact with the inside of the 
vehicle, and that the most important principles of protection will 
remain the same as at present. 

One approach to the problem of protecting the vehicle occupants 
is to rely simply on increases of structural strength of the pas- 
senger compartment to prevent crushing. But this will not prevent 
the occupants from being injured by striking the inside of the car, 
for although padding and the elimination of sharp internal edges 
and projections are very desirable, they are not, in themselves, 
sufficient protection. All other approaches to the problem are 
based on the principle of reducing the deceleration force applied 
to the occupants, by allowing an occupant's body the largest 
possible stopping distance. With a safety belt, or harness, this 
distance is obtained in two ways: 

(a) the occupant is tied to the passenger compartment and 
decelerates with it; and 

(b) the harness itself stretches considerably, often a foot or more. 
In medium or large-sized cars, the front end may crush as much 
as three feet in a head-on collision, so that, with a safety harness, 
the occupant’s total stopping distance can be very much greater 
than is allowed by the stretching of the harness<s>. With smaller 
cars the crushafale length of vehicle in front of the passenger 
compartment may be very much less, perhaps as little as six 
inches. Protection of the occupants must then be obtained almost 
entirely from the stretching of the harness. Although small cars 
create more difficult safety problems than larger ones, it should be 
possible to protect the occupants adequately by this means at 
normal town traffic speeds. No other approach used so far, for 
example, a yielding steering wheel or a padded dashboard, can 



O) As for example, the widespread use of citycars on segregated 
networks, which is discussed in Chapter 3. 

(8> See Safety Cars by G. Grime. Road Research Laboratory Report, 
No. 8, 1966, 
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compare with a safety harness in providing decelerating distance: 
in addition the flexible webbing of the harness with its relatively 
large surface area is well adapted to applying large forces to the 
body without causing injury. An alternative approach might be 
to incorporate a buffer system in the mounting of a safety seat 
The seat, with the occupant held in it, could then move forward 
against a constant resistance over a short distance. 

Protection by harness-stretch or seat movement of this kind 
means allowing enough room, say 18 inches, in front of each 
vehicle occupant. This is particularly important for the head, 
which is very vulnerable. It also means either doing away with 
the steering wheel and column in their present form, or making 
them collapsible. The latter presents few engineering diffkruliies 
and the former might result from re-arrangement of the controls 
for other reasons. 

Means of holding the occupants in place are also of value in over- 
turning accidents, and in all types of collision, but especially in 
side impacts, they have the additional value, along with burst- 
proof locks and doors, of helping to prevent the occupants from 
being thrown from the vehicle. This is particularly so of devices 
which incorporate a lap strap. 

But neither safety belts nor safety seats arc any use unless the car 
occupants are fastened into them. As with all safety devices that 
arc at the user’s option, this is fundamentally a problem of 
attitudes and behaviour. If the equipment is easy to use and cotj- 
fortable to wear more people are likely to use it. There may, 
however, be scope for developing a close-fitting device to rq>lace 
the present seat-belt. Additionally, it would be technically 
feasible to make it impossible to start up or move off unless the 
occupants were strapped into their seats. 

The chief hazard in side impacts is to occupants nearest the point 
of impact who may be violently thrown or even crushed if the side 
of the car is heavily deformed. Practical methods of protecuon in 
a small car include strengthening the sides of the vehicle and 
filling them with an impact absorbing material such as honey- 
comb metal, but these are of little value if a small vehicle » 
struck by a much heavier one. Incorporation of a substantial 
roll-over bar would seem in some circumstances to offer b«tcr 
prospects of protection. Alternatively, the car might be designed 
so that the chassis formed a protective frame around the passenger 
compartment. However, this would probably mean having deep 
door sills, which would make getting in or out of the car difficult. 
All these factors point to the need for vehicles to be designed 
from the outset to incorporate protection for the occupants. 

7.4 Protecting other road users 

Vehicle design should also aim to minimise iiyury to pedesimns 
or cyclists who run into or are hit by vehicles. The hazards « 
sharp projections, in the form of omamenUtion, radiator and 
tail forms, headlamp shields and handles, and the dcsirattUty of 
rounding essential projections such as bumpers are well known. 
Some goods vehicles are, by their design, particulariy prone to 
have sharp and potentially dangerous edges and projections. 
In our view more could be done to eliminate such features. 



7.5 Conclusions 

In recent yean there has been a growing awarene» 
the general public and in the motor industry, of the ^ 
safely as a feature of vehicle design. At the same time there 
been a much greater understanding of the causes 
road accidents, and of the means of preventing them or mini- 
rnising their «tverity. Good engineerins design, 
stable, reliable vehicle with good handling qunhlies. coo^ 
with the use of properly-designed safety ham« or afay 
can help to reduce the rtsk of accidents and 
consequences. But less Is known ™ 

and warning devices on the incidenw of traffic acci 
suggest this warrants further investigation. 
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8 IMoise 



8.1 Noise and the Wilson committee 

Vehicle noise is audible both inside and outside vehicles. We have 
concerned ourselves mainly \\ ith external noise but we have also 
considered internal noise in so far as it may be a factor - through 
causing tiredness - contributing to accidents. 

Noise was the subject of recent investigation by the Wilson 
Committee'-' which dealt fully with the nature, sources and 
measurement of noise, people's reaction to it and its general 
effects on health. We have taken the work of the Wilson Com- 
mittee as a basis for our study, and have gone on to consider the 
vehicle design implications arising from the Committee’s 
recommendations. 

[n dealing with motor vehicle noise, the Committee found i! 
desirable to relate the subjective annoyance caused by noise to 
objective standards of measurement and they accordingly 
arranged experiments in which the external noise from a range 
of v ehicles was both measured on a noise meter and assessed on a 
six-point scale - that included ratings of ‘tolerable’ or ‘un- 
acceptable’ - by a panel of observers. As a result of this and other 
evidence, the Committee recommended a maximum permissible 
noise level of 85 dB(A)'^* for all new vehicles excepting motor 
cycles and other two wheelers, for which a level of 90 dB(A)'^' 
was proposed. They also recommended that these limits should 
be reviewed after three years and reduced progressively. 

The limits proposed by the Wilson Committee were based on the 
test method detailed in British Standard, BS. 3425:1961 and 
were embodied in draft regulations issued by the Ministry of 
Transport in 1963; these have not yet become law. Many foreign 
countries have already legislated against excessive vehicle noise; 
some rely on the subjective assessment of the enforcement 
officer, others use measuring instruments in specified conditions. 
The need for standardisation led to a recommendation (R.362) 
in 1964 by the International Standards Organisation on the 

Plate 8-1 Motor cycle noise tests in progress at the Motor Indus- 
try Research Association 
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methods of measuring vehicle noise. The adoption of this 
method's* resulted in a re-appraisal of the proposed British 
limits; those for cars and motor cycles remain as recommended 
by the Wilson Committee, but for commercial vehicles a revised 
figure of 87dB(Al has been put forward for consideration. 
Tests'*' during the last few years on nearly 100 cars showed that 
about three-quarters of the models tested made no more - and 
often much less - noise than the proposed limit of 85dB(A) 
under both the above methods of test. All but one of the others 
were high performance cars, with noise levels ranging from 87 to 
96dB(A). With motor cycles nearly half the models exceeded the 
90dB(A) limit. Whilst a few were notably quiet, others were very 
noisy (particularly the higher powered sports models), the levels 
recorded ranging from 74 to lOOdB(A). Buses and goods vehicles 
were least satisfactory, only about a third being quiet enough to 
meet the suggested limit of 87dB(A). The levels recorded ranged 
from 81 to 96dB(A). Many of those with noise levels above 
87dB{A) were, not unexpectedly, heavy goods vehicles powered 
by diesel engines. 

From all this, we are satisfied that there is still considerable need 
for reduction in the noise from some high performance cars, 
from motor cycles and from heavy goods vehicles. In many cases, 
reductions of 5 to lOdB(A) would be necessary to meet the 
Wilson limits as indicated in figures 8:1, 8:2 and 8:3, 



(i) Bums, W., ifearing and noise, Pargamon Press, Oxford. 

<21 Report of the Committee on the Problem of Noise, Cmnd. 2056, 
HMSO, 1963. 

'2> The Wilson Committee adopted ‘decibels on the A scale' (dB(A)) as 
the means of measuring vehicle noise, i.e. readings on a sound levd 
meter having particular characteristics. The difficulties of objeccive 
noise measurement ace fully explained in the Wilson report, but 
briefiy, a noise meter only reacts to the physical characteristics of 
noise, i.e, the frequency and intensity of the pressure waves which 
constitute noise, and takes no account of the subjective reactions of 
people, which are fundamental to general ideas of loudness. This 
means that anoise meter does not measure directly what is generally 
understood by the loudness of any noise, but merely provides a 
means of comparing the loudness of noises of similar character. 
The use of the weighting network from which readings are quoted 
on the ‘dB(A)‘ scale provides a means of making measurements that 
correspond reasonably well witli a subjective assessment of loud- 
ness. Furthermore, as the decibel scale is logarithmic, quite small 
variations in meter reading in the range of vehicle noise can repre- 
sent significant changes in sound intensity. Doubling the intensity, 
in terms of sound wave pressure, adds only 3dB to a decibel 
reading. Doubling the loudness of a sound, assessed subjectively, 
represents an increase of about lOdB. The decibel scale adopts the 
threshold of hearing as being ‘OdB’ and on this basis the scale 
extends to about 120dB, which represents the threshold of pain. 
This takes account of the difference in the way a noise meter reacts 
to motor cycle noise compared with other vehicle noise which 
indicates that the limit for motor cycles should be somewhat higher 
than for other vehicles. 

<5' Incorporated in BS,3425:1966 which is in substantia] agreement 
with i.S.o. recommendation R.362. 

<*> Mainly by the Motor Industry Research Association and the 
Ministry of Transport. 
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Percentages of models wliich would exceed indicated sound level 
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Figure 8:.^ Commercial vehicles 



The nature of noise is such that a loud noise masks a less intense 
one. The process of noise reduction from \ehicies therefore 
involves identifying sources of noise in order of importance and 
reducing the noise from each, in turn, to an acceptable level. 
Achies'ing this obviously becomes increasingly difficult and the 
limit is reached with such noise as that arising from the inter- 
action between the lyres and the road surface. Howeser, in most 
vehicles, the predominant source of noise at present is the 
power unit - the exhaust, air intake and engine itself - and it is 
on this that most research work has been, and is still being, 
concentrated. The chief ways of reducing noise are by reduction 
at source, by suppression in the path between source and re- 
ceiver, or both. Luxury cars and some types of motor cycle 
demonstrate that noise can be reduced a great deal, but silence is 
obtained only at a cost in money and perhaps in some loss of 
performance. 

8.2 External noise from the power unit 

The amount of noise from an engine depends on its power out- 
put, its speed and many design factors. The importance of 
particular design features for reducing noise will obviously vary 
between different engines but it remains worthwhile considering 
separately e.xhaust and air intake noise and direct engine noise. 

8.2.1 Exhaust noise 

A great deal of research has been done during the last fe^v years 
on ways of reducing the noise through and from the exhaust 
system. As a result, it is now generally possible, by using large 
well-designed silencers, to reduce exhaust noise, with negligible 
loss of power, to a level at which it is masked by engine noise. 
How'ever, an efficient silencing system adds weight, bulk and 
cost, and the practical difficulties of housing the extra bulk can 
be acute where space is limited. Technically, the reduction of 
exhaust noise now presents no insuperable design problems, but 
cost remains an important factor. 

8.2.2 Air intake noise 

Unless it is properly silenced, air intake noise is readily audible. 
When exhaust noise has been reduced to a low level, air intake 
noise may become predominant, but it can generally be dealt 
with by intake silencers of adequate volume and design to 
control the offending frequencies. 

8.2.3 Engine noise 

As exhaust and air intake noise levels are reduced, engine noise 
tends to become predominant, particularly with diesel-engined 
commercial vehicles, motor cycles and some high performance 
cars. Of these, the commercial vehicle is probably the worst. 

The reduction of engine noise is difficult and, until recently, has 
been given comparatively little attention. It arises from many 
sources, including the combustion process, valve gear, cooling 
fan, timing chain or gears and the water, oil and fuel pumps. 
Vibration and roughness due to unbalanced forces also generate 
noise. All sources radiate to the surrounding air via the engine 
structure, flywheel housing, crankshaft pulleys and sheet metal 
covers. Practical solutions are difficult to find, are costly and may 
involve a good deal of re-design. 

8.2.4 Containment of engine noise 

Containing engine noise appears attractive as it involves no re- 
design of the engine or its auxiliaries. But complete enclosure 
creates problems with cooling, control lines and services and 
access for maintenance, and in practice partial shielding rather 
than complete enclosure is usually all that is possible. The 
efficiency of acoustic shielding is increased by the use of sound 
absorbent materials which reduce noise ‘build-up’ in what would 
otherwise be a reverberant enclosure; they also have the advan- 



tage of lightness. Protection of these porous materials against 1 
impregnation by fuel and oil, to avoid a fire ha2ard is necessary, j 
It is difficult to assess accurately the extent to which engine noise j 
can be reduced by practical methods of enclosure. But recent 
experimental work on diesel buses and lorries has shown that i 
impros'ements of 6 to 8dB(A) are likely using modern foam 
plastic materials. This may be enough to bring most commercial 
vehicles with engines at present in use within the limit of 87dB(A) 
now being considered. Further reductions will need changes in 
the design and construction of the engine and its auxiliaries. 
More powerful engines are coming into use and they present a j 
more difficult problem. 

8.2.5 Reduction of engine noise at source 

Light engines using higher speeds, compression ratios, and peak 
combustion pressures have made the engine structure an impor- 
tant source of noise. Tlie degree of stiffening achieved by con- 
ventional changes in the method of construction is likely only to ^ 
affect the character of the noise; to reduce its volume needs a * 
more radical approach. 

Some recent research work*’* on experimental diesel engines has 
shown that engine structural noise can be reduced by about 
lOdB(A) without increasing the engine weight significantly, by 
using either a skeleton load-carrying framework covered in 
materials providing high internal sound damping or by greatly 
increasing the stiffness of the engine walls by using very thick 
lightweight material, e.g. magnesium. Although this work has 
clearly demonstrated the principles, it is difficult to foresee how 
these rather complicated and costly techniques can be applied 
economically to production engines. There is, however, some 
scope for the use, in more conventional engine structures, of 
alloys with much better internal sound damping properties, but 
they are likely to be expensive. 

Noise from the combustion process is particularly pronounced in 
diesel engines, where the abrupt rise of cylinder pressure gives the 
characteristic ‘diesel knock’. Attempts to smooth combustion 
noise have met with only partial success and although work on 
this continues a big reduction in combustion noise from the 
diesel seems unlikely. Mechanical and impact noise can be 
reduced by smaller clearances between working parts and 
attention to the design of, for example, gear trains and other 
forms of drive but, again, there does not seem to be much 
prospect of big reductions in mechanical engine noise. This is ’ 
especially so for diesel engines, with their heavier moving parts 
and externally-mounted fuel injection equipment. 

Sheet metal engine parts such as the timing and rocker covers 
and the oil sump are often noise radiators. Double skin con- i 
stniction, with a sound deadening intermediate layer, can reduce 
noise by up to 6dB(A). Insulating the front crankshaft pulley 
from the crankshaft, or using other methods of driving the 
engine auxiliaries, can reduce radiation from the pulley. Of the 
accessories, the cooling fan is probably the greatest source of 
noise. Lowering the blade tip speed, using variable pitch blades, 
or thermostatic control so that the fan operates only at high , 
water temperatures, reduces fan noise. 

8.3 Other sources of external noise 

8.3.1 Transmission systems 

As noise from the engine is reduced, that from the transmission 
may become predominant. Gear boxes and rear axles are 
generally much quieter than they used to be, but there is scope 
for improvements with some commercial vehicles. 



T. Priede, A. E. W. Austen and E. C. Grover Effect of engine 
siniciiire on noise of diesel engines. Institution of Mechanical 
Engineers paper, 1965. 
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8.3.2 Brake squeal 

The Wilson report referred to brake squeal but the problem has 
now been largely overcome by changes in brake design and 
materials. 

8.3.3 Door slamming 

Noise from door slamming is being reduced by better door and 
seal design and locks that enable doors to be shut without 
slamming. This nuisance is to some extent a matter of user habit, 
but it would be possible to eliminate slamming altogether if 
doors were designed to be closed by a movement of the handle. 

8.3.4 Vehicle loads 

The noise from loads arises from goods vehicles. Obviously such 
loads as empty crates, glass bottles, metal tubes, etc., can be a 
big source of noise. Worthwhile reductions can be achieved by 
improved packaging - for example, by avoiding metal to metal 
contact, using sound deadening material for packing and 
securing the load firmly. Almost any load can be dealt with 
adequately but the method of doing this is perhaps more a matter 
for the packaging industry, and manufacturers and distributors 
of goods than it is for the vehicle designer. 

8.3.5 Chassis and body structure 

The transmission of noise through the chassis and body can 
increase considerably the noise from goods vehicles and buses. 
Some types of goods vehicle body act as sounding boxes, with the 
drumming of large unsupported body panels. Resonance 
through the bodywork can raise the overall noise level by as 
much as 6dB(A). Very little work has been done on this subject. 
There are inherent difficulties in reducing external chassis and 
body noise from large commercial vehicles that do not have 
variable rate springing and are subject to hard treatment. Such 
vehicles often make more noise when empty than when laden. 
Useful reductions can be made by the use of sound deadening 
materials and rubber bushings to isolate the engine, gearbox, 
wheels and axles from the chassis or body. Further reductions 
will probably need the use of more sophisticated suspension 
systems and body construction techniques. 

8.3.6 Coasting noise 

When other sources of vehicle noise have been reduced enough, 
coasting noise'8> - chiefly from tyres - can become a significant 
part of total noise. Tyre noise is aggravated by modem adhesive 
tyre treads and road surfaces designed to give maximum grip 
and is much worse at higher speeds. Above about 45 mph, tyre 
and wind noise become louder than engine noise, particularly with 
heavy vehicles. Some reduction may be possible but we do not 
foresee much improvement. Measurements'^) on some current 
production vehicles suggest that at speeds up to 30 mph coasting 
noise may reach 70 to 75 dB(A) for cars and 75 to 80 d£(A) for 
medium sized commercial vehicles, the lower limits referring to 
dry roads and the higher to wet roads. These levels represent the 
practical limits for the reduction of vehicle noise for cars and 
medium sized goods vehicles; the heaviest goods vehicles are 
unlikely to get down to the level of 80dB(A). 

8.4 Internal noise 

A good deal of progress has already been made in quietening the 
inside of cars, so that this is generally no longer a major design 
problem even where a diesel engine is used, except in very smal 
cheap cars. Modern sound insulation techniques and sound 
absorbing materials could enable such vehicles to be made accept- 
ably quiet, at the expense of some increase in weight and cost. 



18) See glossary. 

<9) By the Motor Industry Research Association. 



In commercial vehicle^ the problem is mare JitlicuU. pariicularK 
where the driver’s companment is almost immediatoK above the 
engine. The noise level in the driver’s cab is often too high and 
research is rtow being done on the reduction of interior noise in 
commercial vehicles. Until recently, very little use has been made 
of sound absorbing and insulation materials, except in luxury- 
coaches. It seems to us that there is still considerable scope for 
improvement in goods vehicles generally and in some buses. We 
consider a high level of noise in the driver’s compartment to be a 
cause of fatigue and reduction of it to an acceptable level should 
be a normal design aim. Methods of achieving it must, however, 
recognise the need for the driver to be able to hear warning 
signals from other vehicles. 

8.5 Legislation 

Noise from individual vehicles fexcept noise from door slamming! 
is at present subject to control by regulations made under the 
Road Traffic Acts. However, without a defined and measurable 
standard of what constitutes excessive noise, it is difficult to 
enforce the regulations which are, therefore, of limited value. 
Reducing vehicle noise is not necessarily of interest to the 
manufacturer or the user as it can increase both weight and cost. 

As each source of noise is tackled it becomes increasingly 
difficult and costly to obtain further reductions and it may be 
that for some sorts of vehicles the measures needed to achieve 
acceptable noise levels will prove expensive - perhaps up to £100 
for a heaxy vehicle. More effective regulations, including per- 
haps regulations relating to noise levels in commercial vehicle 
cabs, are therefore essential if such improvements are to be 
achieved. Progress has undoubtedly been retarded by the delay 
in bringing into force the Minister’s draft regulations of 1963 
which would by now have applied to the 2 million new vehicles 
registered since the beginning of 1965 (although a large propor- 
tion of these are, of course, already within the proposed limits). 
Moreover, whilst the proposed limit of 90dB(A) for motor 
cycles is intended to take account of the difference in the way a 
noise meter reacts to motor cycle noise compared with other 
vehicle noise, it could result in some small machines being 
noisier than they need be. In our opinion ‘mopeds’ and other 
lightweight motor cycles should be rated at a lower level because 
they often operate at maximum power and their peculiar noise 
characteristics can cause considerable annoyance. 

8.6 Conclusions on vehicle noise 

Design can contribute significantly to making vehicles quieter. For 
the future, it seems likely that further reductions in noise beyond 
those needed to meet the initial Wilson Committee limits will be 
achievable for most sorts of vehicle, but only with some difficulty 
and expense. The need for better performance and the trend 
towards heavier commercial vehicles is demanding more power- 
ful diesel engines than those now in use. Engine noise increases 
with power and diesel engines of 250 to 300 bhp may emit 
between 90 and lOOdB(A), so it may not be e^y to keep the 
noise from heavy commercial vehicles within the limit of 87dB{A) 
at present being considered. If such noise levels for at! goods 
vehicles prove impracticable, it may be desirable to exclude non- 
conforming’ vehicles from areas, such as town centres, where the 
noise problem is most severe. In the long term, heavy goods 
vehicle noise might be significantly reduced if, for example, the 
gas turbine or the fuel cell became generally available for auto- 
motive use. The prospect of this is discussed m Chapter 10. 
Electric vehicles can be very quiet when running and make no 
noise at all when stationary, so they are particularly suitable for 
towns. We consider the prospects for electric vehicles lenerally in 
Chapter 10 but it seems to us that performance limitations 
prevent electric vehicles making a significant contribution at 
present. 
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8.7 Traffic noise 

This thapior has related to ihe m'ise levels trom individual 
vehicles, bus noise levels in streets represent the cumulative effect 
of all the tratlle. If swo vehicles close together are making the 
same amount of noise, the total noise is about 3dB more than 
that from one of them. Within a group of vehicles, the resulting 
noise level is nearlv uivvajs determined by the noisiest individual 
vehicle, as this masks the noise from the quieter ones. Similarly, 
the cumulative elfa't of the noisier vehicles in a group may be 
greater than the noise frsvm a much larger number of quieter ones 
and if out of. say, l()(l vehicles, 20areappreciably noisier than the 
rest, quietening them will have more effect than dealing with the 
other 80 vehicles. 



The London Noise Survey ,;>f 1961-1962 showed that at over 
four-tifihs of the points surveyed Ihe predominant noise was that 
of road traffic. On main traffic routes the noise levels at peak 
periods at the kerbside were about 90dB(.Al and even in side 
streets the level exceeded 75dB(.'ki for 10“o of the time. We are 
not in a position losav to what extent this is likely to be changed 
bv reducing the noise from various sons of vehicle, for a lot 
depends on the volume and composition of traffic and the wav in 
which vehicles are driven. More research will be necessary to 
establish what the ma.ximum permissible level of traffic noise 
should be. but it has been suggested that an overall reduction of 
about lOdBl.Al in traffic noise - as opposed to individual vehicle 
noise - would make it much more tolerable. One of the main 
causes of additional noise in towns is acceleration in the lower 
gears. The need for this is influenced by the number of inter- 
swtions. steep gradients, and the general’ level of traffic conges- 
tion, and can be alleviated not only by quieter vehicles but also 
by freer flowing traffic. 



In considering noise inside buildings, the \\'ilson Committee 
suggested that in towns, the internal noise level by day should not 
exvwd 50dB. If an allowance of 20 to 30 dB is made for the insu- 
lating effect of the building when the windows are shut, this 
would mean that the external noise level should not exceed 70 to 
SOdB. maximum traffic noise level of 75dB(.Al. 20 ft. from 
buildings, would therefore be consistent with desirable noise 
levels inside buildings, provided windows were shut. If windows 
are open, the insulation from outside noise is greatly reduced and 
even a maximum noise level for individual vehicles of 70dB(A) 
(\vhich many of the heaviest vehicles could not reach! would then 
still be too high to achieve the desired level of noise inside 
buildings. This suggests that to meet the Wilson limits inside 
buildings either the noisiest vehicles will have to be banned from 
V ery closely built-up areas or else such remedies as air condition- 
ing and sound proofing of buildings will be needed. This 
emphasises the importance of tackling the problem of noise by- 
means such as improved buildings, freer-flowing traffic and care 
m the planning of major highways in relation to other land uses 
m addition to developments in vehicle design. 



\ery little is known about the value people place on relative 
freedom from traffic noise and it is not pan of our job, nor have 
we been able, to assess the extent to which the community is 
prepared to pay for quieter vehicles. For the present we are 
satisfied that with current techniques vehicles can be designed to 
comply with the noise limits which have been proposed and that 
when this IS done there w ill ts a worthwhile reduction in the peak 
levels of traffic noise in cities. 



' See Chapter IV of the Report of the Comniii. 
Suise. Cmnd. 2056. hmso. 1965. 
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9 Air pollution from motor vehicles 



A great deal of research is at present being done on poilution 
from motor vehicles, much of it arising from conditions in the 
United States. We have reviewed the pollution situation as it 
exists in the United Kingdom, with particular regard to the likely 
growth of traffic and to changes in traffic conditions. We have 
gone on to consider how the problems in this country are being 
tackled and what changes in vehicle design could help in solving 
them. 

Not all pollutants are considered objectionable. If the exhaust 
from, say, a diesel bus were not only invisible but had a fragrant 
aroma not many people would complain about it. The cigarette 
smoker enjoys the smoke he inhales (even though it may harm 
him and be a nuisance to other people) and few would worry 
about the pollutants released by a steak cooking on a charcoal 
grill. Clearly, a pollutant need not necessarily be a nuisance. But 
the pollutants from engines running on petrol or diesel fuel are 
far from fragrant; they are unpleasant, obnoxious and poten- 
tially harmful. 

Air pollution from the use of the roads occurred long before 
the advent of the motor vehicle. But the nature of pollution from 
the internal combustion engine and the growth in the number of 
vehicles are now making more acute the problems created by their 
contribution to atmospheric pollution in towns. The emission of 
smoke, vapour, oily substances, and so on were prohibited soon 
after the introduction of mechanically propelled vehicles, but it is 
only comparatively recently that much work has been done on 
the causes, effects and methods of controlling such emissions. 

In most towns in this country, the motor vehicle is not the major 
source of air pollution. But the Clean Air Act of 1956 (which does 
not apply to motor vehicles) is resulting in reduced pollution 
from coal-burning domestic and industrial appliances which have, 
in the past, created most of the air pollution (see figure 9:1). 
The number of motor vehicles registered is expected to double 
before 1980, and, if nothing is done, the motor vehicle will 
become an increasingly important contributor to air pollution in 
towns. It is already almost entirely responsible for air pollution 
from carbon monoxide. 

9.1 The pollutants from engines and the 
nature of atmospheric smog 

Internal combustion engines burn fuels that are compounds of 
carbon and hydrogen. Ideally, the fuel could be burned com- 
pletely in air to give only carbon dioxide and water and there 
would then be no air pollution problem. But this is an ideal that 
cannot be attained in motor vehicles and some pollutants are 
bound to be produced. These may include carbon monoxide, 
smoke, hydrocarbons, oxides of nitrogen, oxides of sulphur, 
lead and aldehydes. 

Although both petrol and diesel engines emit the same kinds of 
pollutants, the proportions in the exhaust are different because of 
differences in the ways the engines work. In almost all petrol 
engines, the fuel is metered by the carburettor, mixed with air. 
drawn into the engine, compressed, ignited by the sparking plug 




Figure 9:1 U.K. Oil and Coal consumption and smoke from coal 



and burnt to give the power stroke, after which the products of 
combustion are expelled via the exhaust system. The mixture 
strength, or air/fuel ratio, is about that needed theoretically to 
burn the fuel (namely 14-6:1). But this precise mixture is 
difficult to achieve under all operating conditions and the con- 
sequent incomplete combustion results in appreciable quantities of 
pollutants. In the diesel engine, air alone is drawn in and the 
compression ratio is about twice that of the petrol engine. A full 
charge of air is always drawn in and fuel is injected into each 
cylinder when the air is fully compressed and its temperature has 
risen enough to cause the fuel to ignite. Power is regulated by 
altering the amount of fuel injected. The power and exhaust 
strokes follow, as in the petrol engine. Even with the richest 
mixture the air/fuel ratio is about 20:1 and there is therefore 
ample oxygen to burn all the fuel supplied. 



!u By ‘smoke’ we mean visible exhaust fumes; they are made up 
chiefly of carbon particles. 
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The levels of pollutants in the exhaust of petrol and diesel conditions. The concentrations quoted in figure 9:2 for the more 
engines vary widely from one type of engine to another and also common pollutants are therefore no more than typical average 

between engines of the same type under different operating values for vehicles in a reasonable state of maintenance. 



Figire 9:2 Typical coocentratiotis of pollutants in exhaust gases 
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' •> Total hydrocarbons, as measured on hexane senstised non^dispefsive infra-red gas analyser. 

'*‘ppm ^ pans per million. 

• The average concentration of sulphur dioxide in the exhaust is about 18 ppm for diesel engines and 6 ppm for petrol engines 



9.1.1 Los Angeles aad London siBog 

The importance of air pollution from a lai^ number of motor 
vehicles was probably first realised in Los Angeles where, about 
twenty years ago, an eye-irritant type of ‘smog’ became in- 
creasingly evident. This smog, which occurs in the summer and 
autumn, forms during the first hours of sunshine and becomes 
more and more visible as a brown haze. The smog is due to the 
photo-chemkal action of strong ultra-violet li^t on hydro- 
carbons and oxides of nitrogen from motor vehicles. In Los 
Angeles the problem is particularly acute<2> because there is a 
large car population, while the climate and the lopc^phical 
features of the region result in frequent temperature inversions*^* 
over the city, thus preventing dispersion of the pollutants. 



PUK9-IA AcfcardayinU»Ang,les P]att9-1. A -smogBy day in Los Angeles 




‘a Photochemical smog may occur on as many as 200 days in the year 
10 Los Angeles. ’ 

ti* Tmperaiure inverskH) is a meteorological condition which occun 
when a blanket of warm air traps the colder air underneath and the 
normal air turbulence ceases. 
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The basic ingredients of Los Angeles smog are strong sunlight, 
stable air and a high density of large and powerful motor cars. 
Photochemical smog occurs sometimes in other sunlit cities; but 
in this country cloud and, until recently, the screen of smoke has 
prevented any significant occurrence of it in our towns. If, how- 
ever, the Clean Air Act results in the abolition of smoke and if 
the rapid growth in the vehicle population continues, it seems 
likely that on some bright calm summer days photochemical 
smog will occur here. 

London type smog consists mainly of particles of smoke and 
water-vapour with the addition of sulphur compounds. It can 
occur on cold misty days, or at night, in any town where a good 
deal of coal and oil are being burned. This type of smog pro- 
duces poor visibility and can cause severe bronchial irritation. 
It is thus very different from Los Angeles photochemical smog 
(see figure 9:3) and, in particular, owes very little to the presence 
of the motor vehicle. 



Figure 9:3 Comparison of London and Los Angeles Smog 
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9.2 The concentrations of pollutants in streets 

In the popular mind, black smoke from diesel engines causes the 
most concern, probably because it looks and smells unpleasant 
and can jeopardise road safety by obscuring the view which the 
driver of a following vehicle has of the road ahead. But we have 
attempted to examine more systematically the nature and the 
extent of pollution from vehicles. 

The local level of pollution in the air is a balance between the 
rate at which pollutants arc emitted from, for example, vehicles 
and industrial and domestic premises, and the rate at which they 
are dispersed which, in turn, depends mainly on air movement. 
In a city, air movement — both horizontally and vertically - is 
influenced by many factors of which the chief is wind, which 
reduces pollution in proportion to its speed. During temperature 
inversions,**’ when the normal turbulence of the air ceases, pol- 
lution accumulates in pools and concentrations may then reach 
twenty to thirty times the mean annual le%'els (see figure 9:4). 
However, in more normal conditions, natural dispersion of 
vehicle exhaust gases at present prevents them reaching un- 
desirably high concentrations, except in some of the busiest city 
streets. An increased use in future of underpasses and streets 
linked more closely into buildings would, however, aggravate the 
problem. 

The pollution created by the motor vehicle is more local than that 
from other sources. Measurements of pollution in busy towns 
show that in a quiet street only 50 yards from the main traffic 
stream there is little or no measurable pollution from motor 
vehicles. The people most likely to suffer from pollution caused 
by motor vehicles are therefore, pedestrians and the occupants of 
vehicles in congested traffic. 



In this country, such inversions are more likely to occur in the 
winter and to be more persistent than those which occur in the 
summer. 



Figure 9 :4 The concentration of pollutants in city streets 
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In the United Kingdom, most of the investigations into the 
motor tehide's contribution to atmospheric pollution have been 
carried out by the Air Pollution Research Unit of the Medical 
Research Council and the Warren Spring Laboratory of the 
Ministrv of Technology. Measurements have been made at the 
road-side in London, Manchester and other places where it was 
expected that vehicle exhaust gases would be a significant source 
of air pollution. Figure 9:4 compares the maximum concentra- 
tions found at these selected sites with the ‘background’ concen- 
trations at control sites and with the industrial maximum allow- 
able concentrations.*-' 

Pollution can be undesirable because it is unpleasant or because 
of dangers to health. On the latter we base taken the advice of the 
Medical Research Council. The medical considerations we quote 
are accordingly based on the information from the Director of 
their Air Pollution Research Unit. Inevitably, information is 
sometimes incomplete and research work continues. 

Motor vehicles' exhaust products can cause death if they are 
inhaled in high enough concentrations. However, we are more 
concerned with the effects on the health, performance and well- 
being of drivers, pedestrians and others who are exposed to the 
day-to-day levels of pollution caused by vehicle exhausts. Much 
research has been done and much has been written about the 
real, suspected and imagined effects of vehicle exhaust gases on 
men and on animals and we have been impressed by the in- 
evitable difficulty of establishing causal relations between par- 
ticular levels of pollution and particular medical consequences. 
However, as a result of work by the Air Pollution Research Unit, 
and others, some imagined problems connected with vehicle 
exhausts are now seen to be without foundation, or are clearly 
less serious than was thought, but carbon monoxide is now seen 
as a potentially serious health hazard. The concentrations of 
pollutants found in city streets and their medical significance are 
discussed in Appendix ‘C. 

From all the evidence and other information available to us, we 
are satisfied that the main aspects of pollution from motor 
vehicles that are important are carbon monoxide from petrol 
engines as a possible health hazard; smoke from diesel engines, 
not as a health hazard but because of the road accident risk and 
because it is unpleasant; and hydrocarbons and oxides of nitro- 
gen, from diesel and petrol engines, as a possible future cause - 
when there is less pollution from other sources but more from 
vehicles - of occasional photochemical smog of the Los Angeles 
type. There remains the additional possibility, on which medical 
work IS proceeding, that some pollutants may interact in the 
human body to produce effects over and above the sum of the 
individual direct effects. This could obviously lead to a new view 
about the significance of individual motor vehicle pollutants. 



9.3 The causes of, and remedies for, pollution 
from internal combustion engines 

The level of atmospheric pollution depends, among other things 
on the total volume of vehicle exhaust gases and the concentra- 
tion of pollutant m them. There are, therefore, several ways of 
reducing the level of air pollution from motor vehicles. We have 
rejected, for purposes of this study, simply reducing the numbers 
of vehicles m towns. The use of new forms of propulsion - 
particularly electric traction - we consider in Chapter 10 We 
also consider later reducing the size of vehicles and their engines 
and changes in traffic conditions. At this stage, we consider 



changes in the design of the engine or its fuel that might reduct ■ 
the pollutants from existing forms of internal-combustion engint 
Some pollutants, particularly hydrocarbons, are emitted fromtl* 
crankcase ventilator, fuel tank and carburettor of petrol engints, 
But most pollutants, from both diesel and petrol engines, come 
from the exhaust. In the following paragraphs, in which we cod- 
sider the causes of, and remedies for, pollution from engines, 
use as a convenient yardstick of performance the proportion o{ 
particular pollutant in the exhaust gases. 

9.4 PolEution from diesel engines 

A correctly rated and properly maintained diesel engine produces 
very little smoke under normal operating conditions. The bask 
cause of excessive smoke from diesel engines is over-fuelling 
which can arise from deliberate mal-adjustment of the engine to 
obtain more power or from poor maintenance. A more detailed 
description of the causes of pollution from diesel engines is given 
in Appendix ‘D’. 

The most important factor in preventing diesel engines from 
producing smoke is a high standard of maintenance. Here, 
however, we consider the possible contribution of engine design 
and fuel developments. 

It seems, at first sight, that a simple solution would be to remove 
the smoke from the exhaust system. Various physical methods of , 
doing this have been tried including filtration, electrostatic ! 
precipitation'*) and collection in cyclones'’) and scrubbers'*’, ; 
but none has proved satisfactory. The combustion of smokei : 
with and without a catalyst, has also been explored but without j 
much success. The main reason is that not much of the smoke j 
will bum because of the low exhaust gas temperature of most | 
diesel engines; this also reduces the efficiency of any catalyst, 
We are satisfied that rather than attempting to find a cheap and ' 
practicable method of removing smoke after it has been formed, 
it would be better to avoid the creation of excessive smoke in the 
first place. 

9.4.1 Anti-smoke additives 

Additives that have recently become available reduce smoke 
generation by acting as catalysts and promoting more complete 
combustion. Present additives are comparatively expensive (they 
cost about l^d per gallon of fuel treated) and this may tend to 
discourage their use, but development is at an early stage and it 
may be that additives that are even more effective and also 
cheaper may be produced. 

These additives clearly reduce the tendency of diesel engines to ; 
smoke. They thus offer a means of reducing black smoke (at ‘ 
some extra cost), or up-rating engine output with the same level 
of smoke. They may also have the desirable effect of making ! 
engines less sensitive to lack of maintenance. If they were added ' 
to all diesel fuel, manufacturers might then design engines to take 
advantage of their properties, continuing to rate an engine as 
close to its smoke point as at present. This of itself would not 
achieve any reduction in smoke emission. Nevertheless, these 
additive must be regarded as beneficial, if only for the increased 
flexibility they give in diesel engine design and use. 

Apart from additives, unintended changes in fuel characteristics 
can have some effect on smoke emission but we are satisfied that 
the ranges of variation that are met in this country have no 
significant effect on the tendency to produce smoke and that 
closer fuel specifications would therefore not help. 



*0 compare measured lesels of polluii. 
ThflS Ire hi? ! h“’ comparison is limited becai 

relating tf e ^ ^ ^-hour exposure, a situation rarely met 

relaimn to continuously- congested traffic even by professior 



'5> The precipitation of solid or liquid particles suspeuded in a gas by 
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9.4.2 Existing iegislation 

There is little doubt that diesel engines can, without undue 
difficulty be designed to operate without producing excessite 
smoke and are usually so designed. The need is to ensure they 
continue to be operated in that way. This is a problem of 
enforcement. 

Regulations now require vehicles to be so constructed that no 
avoidable smoke is emitted and that the excess fuel (cold starting) 
device be placed where it cannot be used when the vehicle is 
moving. It is also illegal to use a vehicle which emits smoke that 
endangers other road users or damages property. Enforcement 
is not easy because proof of danger, etc., depends on a subjective 
assessment by the enforcement officer. An increasing number of 
successful prosecutions is being made and during 1965 13,500 
prohibition notices were issued. The result has been a reduaion 
from 9 to 8 % in the number of badly smoking vehicles among 
the total of diesel vehicles observed but with a continually 
increasing diesel vehicle fleet, this seems to us an inadequate rate 
of improvement. 

9.4.3 Other possible measures 

What more could or should be done? Ideal enforcement would 
require that the smoke from a moving vehicle should be relatable 
to some objectively specified level. But no instrument is yet 
available which can fulfil this requirement without fixing it to the 
vehicle. It is obviously much simpler to carry out the test with the 
vehicle stationary. At present, the only suitable method is the 
•free acceleration’ testi9> as used in Belgium and France. We 
realise this test has deficiencies. The smoke emitted is often less, 
but occasionally more, than that produced under full load. It may 
therefore under-estimate the shortcomings of an engine. Con- 
versely, it may give an unfair rating because for example a 
sudden puff of smoke (which can frequently occur in test con- 
ditions) will give a high reading. For this and other reasons it is 
not always easy to obtain exact consistency between a number of 
free acceleration smoke measurements. But we do not think 
these constitute adequate reasons for not fixing maximum 
acceptable smoke levels under free acceleration conditions. We 
realise that there are disadvantages, as well as advantages, in 
adopting arbitrary limits in a field as difficult as this. But several 
Western European countries already operate such limits and we 
think they would be a help in this country. 

Free acceleration test smoke levels would be of some help to 
engine manufacturers in deciding on engine ratings and conse- 
quent maximum gross vehicle weights. But the shortcomings of 
the free acceleration test - and particularly the fact that some 
engines produce more smoke on full load than under free 
acceleration — mean that an additional standard is required for 
engine rating. It seems likely that, as a result of the work of 
the British Standards Institution, a standard"** will be set for 
the maximum amount of smoke at the rated maximum horse- 
power of an engine. If it were possible ultimately to correlate, 
for particular engines, full load and free acceleration smoke 
levels, this could further increase the value of free acceleration 
road-side smoke level tests. 



In this test, the engine is accelerated rapidly in neutral and ffie 
smoke emitted is measured continuously with a smoke-meter. 1 he 
maximum smoke density measured is taken as an indiration ot the 
density likely to be emitted, at some time, on the road. 

ao) See glossary. , , 

"1* This will be expressed as weight of carbon per unit volume oi 
exhaust gas. Because of the difficulty of measuring CMbon concen- 
trations directly, practical measurements may again be made witn 
a smoke-meter from which carbon levels can be estimated. 



Subjective tests have been made of the iv-c^ of veliicie smoke 
which most people would find ac..ep!ahie. Tiiese 'howed, not 
surprisingly, that the smaller the lota! volume of evhuuv. uas. 
the higher the maximum acceptable density of >niokc. The rciuii-- 
are shown in figure 9:5. Other factors also make it de-.irahic to 
have separate standards for large and small engines for 
example, the smaller the engine, the less margin there generally 
is between a 'clean' and ’dirty' exhaust. Engines complying with 
the proposed British Standard should be less liable to emit 
excessive smoke, but for the future some further improvement 
will be necessary. We note that the standard is to be rev iewed 
within three years and regard this as an essential step if lower 
maximum smoke levels are to be achieved. We consider in 
section 9.7 below the maximum smoke levels that may be 
desirable. 




9.5 Pollution from petrol engines 

Any excess of fuel over that which is -chemically correct’ 
increases the amount of carbon monoxide and unburnt or partly 
burnt hydrocarbons produced by petrol engines. Weaker mix- 
tures increase the production of oxides of nitrogen (but with 
very weak mixtures the concentration tends to decrease again). 
Over-rich mixtures are one of the principal causes of carbon 
monoxide production and occur in many circumstances. The 
reasons for the use of such mixtures and other causes of pollution 
from petrol engines are set out in more detail in Appendix D . 
Until very recently, the reduction of pollutants from petrol 
engines was not a significant design objective of any Europ^n 
engine manufacturer but the situation in the us.x and the growing 
realisation that there is also a problem in Europe make it 
important to assess the prospects for improving the petrol 
engine. 

Pollution cun be redoced both by minimising the volume of 
oollutauts lesulttag from the main combustion process itrelf and 
also by getting rid, after that, of such poliutants as are exhauste 
from the cylinder. 

The effect of mixture strength on the level of pollutants and on 
fuel consumption is shown in Sgnre 9:6. To keep the carbo 
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monoxide and hydrocarbon content to a reasonable level would 
necessitate the air/fuel mixture being not richer than about 
14-6:1 by weight (the correct ratio for complete combustion) 
but even if it were accepted as the desirable objective, the 
practical attainment of the ‘correct’ mixture strength under alt 
operating conditions is well-nigh impossible. Such a mixture 
strength would result in some loss of performance (although it 
might increase thermal efficiency''^) and improve average fuel 
consumption slightly). If the rich limit is to be 14-6:1, appr^ 
ciably weaker mixtures will inevitably occur in some circum- 
stances and the engine must be capable of burning them 
efficiently. 

The ability to burn weaker mixtures is determined largely by the 
design of the combustion chamber and the condition of the 
petrol/air mixture entering it. Small engines are generally less 
able than large engines to burn weak mixtures. At the same time, 
the high surface-to-volume ratio of the small engine increases the 
proportion of uoburnt hydrocarbons passed to the exhaust. If 
‘wetness’ of the inlet manifold could be avoided, rich accelerating 
mixtures would be unnecessary and mixture distribution would 
be improved at the same time. Complete evaporation and 
mixing may not be achievable but raising the inlet manifold 
temperature brings an improvement, although higher inlet 
temperatures reduce power output fay lowering the weight of 
mixture entering the cylinders. 

DEution of the incoming charge by the residual exhaust gases 
can be minimised by reducing valve overlap to give satisfactory 
engine idling on weaker mixtures but at the expense of some loss 
of power at high engine speeds. The emission of hydrocarbons 
during ‘over-run’ can be reduced by advancing the ignition and 
by either avoiding excessive manifold depressions or by cutting 
off the fuel supply altogether. Retarding the ignition adversely 
affects power output and fuel consumption but could be an 
important means of reducing pollutants when the engine is 
idling. 

Carburettors are continually being improved so as to enable 
them to provide, over the whole operating range, a mixture no 
richer than that needed for performance and economy. Current 
developments include closer manufacturing tolerances, and com- 
pound carburettors, in conjunction with heated intake manifolds. 
Some of these give promising results. An alternative approach 
would be to use a well-designed fuel injection system, which 
would avoid some of the difficulties of carburation. It woiEd 
eliminate the over-run problem (because no fuel is ipjected on 
over-run) and avoid the problems associated with wetness of the 
induction manifold, help good atomisation of the fuel and, by 
overcoming the problem of poor distribution, would make 
possible the more accurate control of mixture strength in the 
cylinders. But fuel injection systems are much more expensive 
and complicated than most existing carburettors and likely to 
remain so; and their proper maintenance creates problems. 
Petrol injection is, however, being intensively studied as one of 
the means of reducing air pollution from vehicles. Insufficient 
work has been done on both carburation and petrol injection for 
us to compare the merits of fuel injection with more sophisticated 
forms of carburation. But we think it important to keep in mind 
that present carburation systems are simple and cheap compared 
with fuel injection. If the pollution problem were held to justify 
the sort of costs involved in fuel injection, it might well be that 
much improved carburation systems could be developed that 
would provide a cheaper solution than would ever be possible 
with fuel injection equipment. 



Figure 9:6 The effect of air: fuel ratio on some petrol engine 

characteristics at maximum rpm U2) See glossary. 
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9.5.1 Afterburners 

Getting rid of excess carbon monoxide and unburnt hydro- 
carbons exhausted from the cylinder before they reach the 
atmosphere can be achieved with some form of ‘afterburner’. 
This can be a direct flame system in the exhaust, a catalytic 
converter or manifold air oxidation {see figure 9:7). The first two 
have big disadvantages; they are cumbersome, heavy and 
expensive and difficult to maintain. The direct flame device needs 
an ignition plug because it cannot be placed near enough to the 
engine for the gases to ignite spontaneously. The catalytic device 
will oxidise the unbumts at a lower temperature but deteriorates 
in service due to poisoning of the catalyst. A catalytic exhaust 
device may, however, be a satisfactory way of reducing the 
oxides of nitrogen when used in conjunction with some other 
method of removing the hydrocarbons. 

Manifold air oxidation is the system favoured by some motor 
manufacturers. It is a system for injecting air as close as possible 



Figure 9 :7 Alternative after-burners 
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9.5.2 Fuels 

A good deal of work has been done on the possibility of modify- 
ing motor spirit to reduce pollution. Although fuel technology 
may eventually be able to help to reduce hydrocarbon emissions, 
there seems to be little prospect of altering the composition or 
finding an additive that will reduce the production of oxides of 
nitrogen or of carbon monoxide. 

We have considered alternative fuels as a means of reducing 
pollution from petrol engines. The most suitable would probably 
be a liquid petroleum gas"^> such as propane or butane. These 
are volatile high octane fuels that would eliminate many of the 
carburation problems associated with the use of petrol. In this 
country, no attempt has been made to design for a road vehicle 
an engine specifically for l.p.g. but with a gas carburettor a 
normal petrol engine will run on it quite satisfactorily. However, 
to obtain low levels of exhaust pollutant it would probably be 
necessary to design engines specifically for l.p.o. fuel. There are 
two difficulties. l,p.o. has to be stored under pressure; and it is 



(13) Li(3uid petroleum gas (l.p.g.) is a product obtained in refining 
crude oil. 



to the exhaust valves where the ‘unburnis’ should be hot enough 
to ignite immediately and burn. This system is relatively simple 
and reliable but it requires an air pump, and a distribution 
manifold. Moreover, the temperature at the exhaust ports must 
be high enough to ensure that with added oxygen the unburnts 
are consumed and this may create particular difficulties with 
small engines. 

Up to a quarter of the hydrocarbons emitted reach the atmosphere 
via the crankcase breather. These emissions can be (and in some 
cars already are being) dealt with by drawing the ‘blow-by’ gases 
out of the crankcase and into the induction system so that the 
hydrocarbons are burnt in the engine. Although the importance 
of pollution from hydrocarbons may not at present be \ eo' great 
in this country, the cost of avoiding these emissions from the 
crankcase is low. We, therefore, think that all new petrol 
engined vehicles should be equipped so as to prevent crankcase 
emissions reaching the atmosphere. 

distribution 




3 manifold air oxidation 



doubtful whether production could be increased to meet a 
demand commensurate with the general needs of motor vehicles 
in towns, although sufficient could possibly be supplied for 
vehicles in a few large towns. In view of these difficulties and the 
prospect of engines using conventional fuels being made per- 
fectly acceptable for conditions in Britain, it does not seem to us 
necessary to consider l.p.g. further. 

Natural gaseous fuels, such as methane, present different 
difficulties from those of l.p.g. They have to be stored at very 
high pressure (as a gas) or at a very low temperature (as a liquid) 
and in our opinion do not present a practical alternative to motor 
spirit for personal transport purposes. 

9.5.3 Conclusions 

The petrol engine is the main contributor to air pollution from 
motor vehicles in this country and in view of the expected growth 
in car population, steps need to be taken to reduce the pollution 
from individual vehicles. We are satisfied that the petrol engine, 
operating on present fuels, is capable of being designed in a way 
that would reduce pollutants from it to an extent sufficient to 
meet conditions in this country. 
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9.6 Other forms of internal combustion engine 

What has been said above applies mainly to piston engines 
operating on a four-stroke cycle. We have considered briefly 
some other types of engine: 

A two-stroke petrol engine is generally a greater contributor to 
air pollution than a four-stroke of comparable size, its exhaust 
gases are more obnoxious and eye-irritating, partly because of 
the loss of fuel to the exhaust when scavenging'*-" and often 
because in this type of engine lubricating oil is mixed with the 
fuel. The amount of carbon monoxide from most two-strokes is 
no less than that from four-stroke engines of similar capacity. 
Altogether, the problem of reducing pollutants from the two- 
stroke is likely to be more difficult than it is with the four-stroke 
engine. 

9.6.1 Rotary engines 

Very few measurements have been made of the quantity of 
pollutants from this type of engine but the indications are that 
the carbon monoxide content will be about the same as that for 
reciprocating petrol engines of similar size but there may be 
rather less hydrocarbons. But in so far as it may be necessary to 
mix lubricating oil with the fuel, the rotary engine may suffer 
some of the same disadvantages as the two-stroke. Pollutants 
from rotary engines of the ‘ Wankel’ type can probably be reduced 
by the same methods as in the conventional piston engine. 

9.6.2 Gas turbines 

Few gas turbine engined vehicles have been run on the roads and 
there is little information about the amount of pollutants 
emitted. Claims have been made that automotive gas turbines 
emit virtually none but, even from the few data available, this 
seems an optimistic view. However, all gas turbines run with 
considerable excess air (to lower the combustion gas temperature 
at the turbine blades) and conditions for combustion are good. 
Experimental work suggests that pollution from carbon mon- 
oxide and unburnt hydrocarbons from the gas turbine would 
probably be better than from the petrol engine but not quite so 
good as from a well-designed and maintained diesel engine. It 
would, however, be considerably better than either in respect of 
oxides of nitrogen, because combustion pressures and tempera- 
tures are lower than in the piston engine. 

9.7 Possible statutory limits for diesel and 
petrol engines 

We think that the present stage of development of engine design 
would allow the specifying of maximum levels of smoke from 
diesel engines, and of carbon monoxide from petrol engines, that 
would reduce significantly these hazards without creating 
unacceptable difficulties for manufacturers or operators. 

The maximum smoke levels from diesel engines that it may be 
desirable to lay down in regulations need to take account of 
many factors, including the levels being adopted by other 
countries, the scope for improvement in existing vehicles and so 
on. We have not taken a view of all these factors, but have con- 
sidered the conditions in the United Kingdom - particularly in 
towns - and the design and fuel developments open to diesel 
engine manufacturers and operators in the foreseeable future. 
In the light of these considerations we think that suitable smoke 
limits, under a free acceleration test and using a light obscuration 
smoke-meter'is' of the B.P./Hartridge type should be specified. 
We consider that for this country limits ranging from 65 
Hartridge units'*** for engines up to three litres to 45 Hartridge 
units for engines of seven litres or more represent a desirable 
target at which to aim. Despite likely increases in the number of 
diesel engined vehicles in use, the application of these limits for 
new and existing vehicles would be likely to result in a substantial 
reduction in diesel smoke. 
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Plate 9-2 Free acceleration test using BP/Hartridge smoke meter 



t*'** The process by which the cylinders of any internal combustion 
engine are purged of burnt gases during the exhaust stroke and 
part of the induction stroke. 

<15) A meter which compares the obscuring effect of a column of 
exhaust smoke with an identical column of dean air by means of a 
constant light source and a photo-electric cell. 

<1® The unit of density on the BP/Hartridge smoke-meter scale. One 
unit represents I % of light absorbed (i.e. scale range = 0-100). 
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For petrol engines, statutory limits will also be needed to secure 
the improvements required and further research is needed into 
the relative importance, under British town circumstances, of 
idling, decelerating and other engine conditions. Pollution limits 
may also need to take account of other conditions - including 
trafRc speeds - which may change over time. We are well aware 
that other countries are at various stages in the application of 
pollution limits to motor vehicles and that these limits may need 
to be taken into account in deciding what limits might be applied 
in this country. In the light of all this we do not think it is yet 
possible to recommend levels of pollutant that might ultimately 
be appropriate in this country. But in the meantime, we think 
that present engine design techniques would allow the application 
of a maximum limit of carbon monoxide emission that could 
significantly reduce the hazards created by some present levels. 
Tests on a random selection of British production cars showed 
carbon monoxide levels in the exhaust, ranging from 2 to 9% 
when idling and from U to 8% when cruising. One or two 
cases showed 12 to 14%. Standards that involve test cycles are 
inevitably difficult to apply and to enforce. There would be great 
advantages in terms of simplicity in a standard related solely to 
idling conditions, and since the idling settings of carburettors 
influence the emission of pollutants under some other con- 
ditions, such a standard could provide a worth while check on 
performance generally. At this stage, without the benefit of the 
further research needed, the evidence now available suggests that 
for new vehicles, a maximum level of 3 % of carbon monoxide 
under idling conditions might be considered as an initial objective 
to be improved upon in due course. 

9.8 The effect of vehicle size, traffic density and 
journey speed on the level of pollution 

The level of atmospheric pollution can be reduced by tackling 
factors other than the amount of pollution from individual 
engines. The level is affected by vehicle size (the quantity of 
exhaust gas emitted being roughly proportional to the weight of 
the vehicle), the number of vehicles, the density of traffic (which 
affects the proportion of time the engine is idling, accelerating, 
decelerating or cruising) and the rate at which pollutants are 
dispersed by air movement. Any forecast of the contribution that 
these factors might make must be highly speculative but we have 
attempted to estimate the order of magnitude of possible benefit 
over a period of a good few years through three factors - 
improvements in the vehicle design; the use of smaller cars; and 
freer-fiowing traffic conditions. Any such attempt inevitably 
involves a large number of over-simplifying assumptions, so that 
the result cannot be regarded as more than a possible indication 
of the future picture. 

It is convenient first to consider the relative rates at which 
successive sections of a length of roadway are being polluted by 
carbon monoxide. As an illustration, we have considered the case 
when three cars stop one after the other at traffic lights, idle, 
accelerate to 30 mph and run at that speed, and then decelerate 
for a stop at the next traffic lights 800 feet away, the cycle then 
being repeated. The result is illustrated in figure 9:8, which shows 
the highly localised peak just before the traffic lights due to idling 
levels of carbon monoxide from stationary vehicles. The subse- 
quent acceleration of the vehicles results in an immediate reduc- 
tion in local pollution because, although the rate at which 
exhaust gas and carbon monoxide are emitted is higher, the time 
the vehicle spends in each successive unit of roadway diminishes 
as the vehicle gathers speed. When the car attains a uniform 
speed of 30 mph, there is a reduction in power requirement and 
pollution, and a further reduction in carbon monoxide occurs 
when the vehicle decelerates because the throttle is still further 
closed. 

Air turbulence will normally mean that the local peaks of 
atmospheric pollution will be much less marked than the peaks 




distance in ft. 



Figure 9:8 Relative emission of carbon monoxide during 
operating cycle between stops 

in the level of vehicle emissions. But figure 9:8 gives an indication 
of the relative importance, for local levels of poUution, of the 
levels emitted when idling, accelerating, cruising and decelerating. 
The general, rather than local, level of pollution in a length of 
roadway obviously depends on the cycle of idling, acceleration, 
steady speed and deceleration to which the traffic is subject. 
Figure 9:9 shows the relative carbon monoxide emissions cor- 
responding to five different cycles - a steady speed of 30 mph; 
and cycles involving stops that brought the average speeds down 
to 17-2 mph, 13-2 mph, 8-6 mph and 5-8 mph. The stop-start 
traffic flow more than doubled the steady running level of poliu- 
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Figure 9:9 Effect of journey speed on relative emissions of 
carbon monoxide per unit time, per unit length of road-way 
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tion from each vehicle. Thi.s kind of relationship has been shown 
for actual traffic conditions in the usa,'”' 

The increase in carbon monoxide emission of a single vehicle as 
journey speed is reduced can be used to estimate what happens 
in a city as traffic density varies. Figure 9:10 shows how mean 
traffic speed falls as traffic density increases. The relationships 
20-1 
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shown in figures 9:9 and 9:10 were used to calculate the relative 
emissions with various densities of traffic - as indicated by 
traffic speed - and the results are shown in figure 9:11. This 
suggests a rapid rise in pollution as traffic speed falls particularly 
in the range from 0 to 15 mph. Thus there is a four-fold increase 
in pollution with a halving of traffic speed from 15 to 7i mph, 
and a six-fold increase in a traffic jam. Such comparisons are, of 
course, affected by the assumptions made in regard to exhaust 
gas composition and figure 9:1 1 shows the effect on total carbon 
monoxide emission of halving the idling concentration. 
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Figure 9:10 Effect of traffic flow on 
intersections/mile 



Figure 9:11 Effect of traffic flow on 
time, per unit length of road-way 
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9.9 The scope for reducing overall pollution 
levels 

We consider now the improvement that might be achieved in 
average pollution levels assuming first no change in the number 
of cars on city streets. 

A reasonable short-term objective would be for the concentration 
of carbon monoxide in the exhaust of new cars (averaged over 
the whole driving cycle) to be reduced to half its present value - 
an average reduction. To do this, particular attention would have 
to be given to reducing the level when idling. Such an improve- 
ment, if limited to new cars, would not result in a corresponding 
halving of actual air pollution for several years. If simple measures 
could be introduced, and enforced, which would be applicable to 
used cars, the process of reducing air pollution levels could be 
speeded up. In any case, it is unlikely that, through this approach, 
air pollution could be as much as halved in the next five years. 
A long-term objective could be to reduce the average concen- 
tration of carbon monoxide in engine exhausts to about one- 
third its present level. Such an improvement would need, say, at 
least ten years to bring about a corresponding improvement in 
actual air pollution. 

We discuss in Chapter 3 the prospects for smaller cars in towns. 
The engines of such cars would probably emit about one-third the 
volume of exhaust gas of the present medium-size car and, 
assuming they emit no higher concentration of carbon monoxide 
the benefit would clearly be proportional to the number of such 
cars in use. In the extreme, if the car population - say twenty 
years hence - consisted entirely of such cars, the amount of 
carbon monoxide emitted would be reduced to a third through 
this ‘size’ factor alone ; if only a half were citycars, this reduction 
would also be halved. 

Chapter 3 explains the benefits in terras of traffic flow which 
would result from a segregated network with no intersections. 
Such a network would accommodate more cars and would thus 
increase the number of individual vehicles polluting the atmos- 
phere, but if it were elevated, pollution would be minimised at 
street level, and moreover substantial benefits would result in 
terms of a lower level of overall pollution from the regular 
traffic flow. If instead of the stop-start traffic conditions of the 
typical town, the network allowed unobstructed movement at a 
uniform controlled speed of, say, 30 mph, the reduction in the 
level of overall pollution would be as shown in figure 9:12, 
While in the two cases there is not much difference between the 
emissions at low traffic flows, the lower emission with the freeway 
becomes very significant as the traffic flow increases. The freeway 
can, of course, accommodate a much greater flow of traffic than 
the city street (which is near its maximum capacity at the upper 
end of the curve), but even with a flow of 1,800 vehicles an hour 
on the freeway, the level of emission would still be a good deal 
lower than that in a city street with a much smaller traffic flow, 
crawling along at 7i mph. 

Speculation on the prospects of reducing carbon monoxide air 
pollution in, say, twenty years, might suggest reductions: 

(a) of up to two-thirds of its present level by improvements in 
engine design ; 

(b) of up to one-half by a fairly widespread use of citycars ; 

(c) of up to one-half by improved traffic flow. 

As these benefits are cumulative, the overall effect of all these 
changes could be a reduction to Ath of the present level. Even if 
traffic flow were trebled in this period, the benefit would still 
be a reduction to one-quarter of the present level - a very worth- 
while improvement. We do not predict that anything like this 
will happen; we merely suggest these simplified calailations as 
pointers. And, of course, they do not take into account the 
further reductions that could come about from more widespread 
use of small diesel vehicles or of electric propulsion. 




vehicle flow/ H 

Figure 9 :12 Comparison of city and free-way conditions 
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10 Power Units 



The motor vehicle has been made possible by the internal com- 
bustion engine which has brought with it the problems of noise 
and air pollution discussed in Chapters 8 and 9. The ideal engine 
would occupy little space, weigh little, make no noise and create 
no pollution. This ideal is, of course, most difficult to attain but 
we have considered, in the light of this objective, likely trends in 
power unit developments which might affect the kind of unit 
available for the very small citycar and, at the other extreme, for 
the larger bus or goods vehicle. 

10.1 Reciprocating internal combustion engines 

For cars, motor cycles and light goods vehicles where low cost, 
low weight, smoothness and mechanical quietness outweigh the 
need for operating economy, the petrol engine is predominant and 
its present many good qualities will make it very difficult for any 
other form of power unit to replace it. For buses and medium 
to heavy goods vehicles, fuel economy and longer life put the 
diesel engine in a very strong position. Its fuel consumption is 
less than two-thirds of that of an equivalent petrol engine and 
this has offset its disadvantages of higher cost, greater size and 
weight and higher noise level. In light goods vehicles, the diesel 
is becoming more popular particularly for town use, where the 
proportions of stop-start work and engine idling time are high. 

10.1.1 The petrol engine 

During the last 20 years the power output and fuel economy of 
the petrol engine have been improved substantially, through 
better breathing, manifold design and combustion chamber 
design, higher engine speeds and higher compression ratios 
associated with higher quality fuels. These trends will continue 
but the scope for further improvement is becoming increasingly 
narrow. For example, the trend towards higher compression 
ratios will continue much more slowly because of the increased 
cost of providing higher quality fuels in relation to the diminish- 
ing performance advantages. Some further improvement 
(perhaps 10%) in fuel economy at both full load and part load 
may be possible, e.g. by using petrol injection to give more 
uniform distribution, more precise control of the fuel supply and 
better volumetric efficiency.*'* Power to weight ratios have been 
improved from about 5-5 ibs/bhp to about 3-3 Ibs/bhp in the last 
thirty years and the extensive use of light alloys could result in a 
further reduction in engine weight of about a fifth. It seems likely 
that the petrol engine will retain some weight advantage (perhaps 
20-25 %) over the diesel engine. 

The petrol engine’s chief disadvantage is its low efficiency at part 
load. This could be overcome if power output were controlled by 
varying the mixture strength instead of by throttling. This is 
likely to be achievable only by means of stratifying the charge*^) 
- which could improve the specific fuel consumption under light 
load conditions by 40% or more. The system is so attractive 
theoretically that many attempts have been made to achieve it 
(see figure 10:1) but none have so far become a commercial 
proposition. Among the possible disadvantages is the risk of 
producing unpleasant products of partial combustion in certain 
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*" The ratio of the actual volume of charge drawn into an engine 
cylinder during the suction stroke, at normal temperature and 
pressure (i.e. 0°C and 14-7 Ibs/sq in) to the volume swept by the 
piston. 

*^ A stratified charge combustion system provides a local charge of 
ignitable mixture near the sparking plug instead of a homogeneous 
mixture throughout the combustion chamber which is necessary 
on the conventional petrol engine. This makes it possible to vary 
the amounts of fuel (rather than the amounts of fuel and air) over 
at least part of the range and economy is not limited by the weak 
limit of combustion. 
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Texaco and Witsky engines 




conditions. Further possible developments may be a combination 
of charge stratification and direct fuel injection, with perhaps the 
addition of turbo-charging on the larger engines and the use of 
compound carburettors. But the development work needed on 
some of these may be overtaken by development of the diesel 
engine. 

Nevertheless, we expect worthwhile improvements in petrol 
engines which could make them very quiet and almost pollution- 
free. The petrol engine will, then, probably retain its present 
supremacy as a power unit for cars, motor cycles and light goods 
vehicles. It also seems likely to be themost practical and economic 
power unit for very small specialised town cars of the sort 
discussed in Chapter 3. 

10.1.2 The diesel engine 

The basic advantages of the diesel engine are its fuel economy, 
durability, and very low level of carbon monoxide in the exhaust. 
It offers considerable potential for development, particularly for 
large vehicles, the present trend being towards higher power out- 
put and lower weight while maintaining or improving fuel 
consumption and reducing noise. 

Power output can be increased by higher engine speed but untU 
now the diesel has been limited to about 4,000 rpm. The use of 
rotary distributor-type pumps and improved combustion 
chamber design is now contributing to higher engine speeds and 
greater power. Until recently, small high speed diesels needed 
indirect fuel injection systems but further development might 
now enable direct injection to be used. This should improve fuel 
consumption of the small diesel by about 10 to 15% but may 
increase the overall noise, except possibly when idling. At 
present, it is also more difficult to control smoke emission from 
small diesels without incurring losses which limit their usefulness. 
For the future, there is the prospect of small, cheap, high speed 
diesels with ‘pumpless’ injection (see figure 10:2) where fuel 
injection is effected by a pressure difference between a combustion 
space above the piston and another in the piston crown. 

For larger vehicles, the introduction of V6 or V8 engines in the 
140 to 250 bhp class is likely to reduce size, weight and cost for 
the power required. This gain is due partly to the configuration 
and partly to the ability to use shorter piston strokes which allow 



Figure 10:1 Stratified charge 4 stroke petrol engines 






Figure 10 :2 Pumpless fuel injection for diesel engines 
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higher engine speeds and increased power. The penalty may be 
some increase in fuel consumption and, in some engines, more 
noise. Possible further developments include manifold-tuning,'^' 
and turbo-supercharging.'^' which are already beyond the 
experimental stage. 

Turbo-supercharging of both 2 - and 4-siroke medium speed 
heavy duty diesels has shown big gains in power output, but to 
apply it successfully to lightweight high speed engines may 
necessitate a new standard of basic engine design. It is unsuitable 
for conventional petrol engines but could be applied to a fuel 
injection stratified charge engine. However, supercharging adds 
complication, makes no contribution to solving the problem of 
air pollution but may reduce noise or change its character. 

For vehicle propulsion, the ideal power unit should deliver at 
least as much power at low speeds as at high speeds. Present 
internal combustion engines do not even approach this but 
engines now being developed seem likely to improve greatly on 
the performance of present engines. A further development in this 
direction is the differentially supercharged diesel engine (sec 
figure 10:3) which has a mechanical supercharger driven in such 




a way that the amount of ‘boost” is determined automatically by 
the torque requirement,'*' rather than the engine or road speed. 
This can give two-pedal control without some of the disadvan- 
tages of conventional automatic transmissions; it also saves size 
and weight. The principle of differential superchai^ng has been 
demonstrated and it may be of considerable importance in 
improving the performance of goods vehicles and buses. The 
torque convertor'*' and heat exchanger can also incorporate a 
hydraulic retarder to provide braking. However, all this brings 
increased complication and reliability has yet to be proved in 
service. For the more distant future, diesel compound engines 
may become practical. In theory they have a lot to offer but it is 
too early to say whether their advanta^ can be realised in 
practice. 



largely overcome by Dr. Felix Wankel (see figure 10:4). Petrol 
versions of the design are in small-scale production. Compared 
with a reciprocating piston engine of the same power, the 
Wankel has low weight, small size, an absence of vibration at 
speeds above idling, extreme simplicity, low cost, but indifferent 
fuel consumption. Recent developments show improved fuel 
consumption, durability and maximum torque at relatively low 
engine speeds, but many problems remain and it may be ten 
years or more before the petrol Wankel engine replaces to any 
marked extent the traditional piston engine. However, some form 
of rotary combustion engine may well be developed into a 
suitable power unit for very small cars. 

Prospects for diesel versions of the Wankel are far less encourag- 
ing. As the compression ratio is raised, the combustion chamber 
shape becomes progressively less satisfactory and for a given 
power, the diesel Wankel may show little advantage in size, 
weight or cost compared with existing small diesels. In the larger 
sizes, where the gain in size, weight and cost could be consider- 
able, it seems doubtful whether fuel economy or durability would 
equal that of existing large automotive diesels. Although the 
rotary diesel should be smoother and quieter than more con- 
ventional units the problem of smoke may be more acute. While 
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Plate lO-I Water-cooled ‘Wankel’ rotary combustion engine 



In total, there is considerable scope for improvement of the 
diesel engine. Its present disadvantages in size and weight are 
likely to be reduced a good deal as development progresses. In 
our opinion it is likely to remain the most suitable power unit for 
heavy commercial vehicles for very many years and, with further 
development, might become much more suitable for cars. 

10.2 Rotary combustion engines 

Widespread application of rotary combustion engines'^' has in 
the past been prevented by design difficulties that have now been 



A means of increasing the power output of an engine by matching 
the pressure pulses in the inlet and exhaust systems and using the 
optimum length and diameter of induaion and exhaust pipes. 

The use of an exhaust gas-driven turbine to supply air at above 
atmospheric pressure to the engine to increase the density of the 
charge and hence the power output. 

The rotating force to be supplied by the engine to propel the 
vehicle. 

•*’ A hydraulic device which provides a smoothly variable gear over a 
limited range as opposed to an orthodox gearbox which provides a 
small number of fixed ratios. 

See glossary. 
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exhaust 



exhaust 



These diagrams show the sequence of the four stroke principle as related to one face of the rotor assembly. This sequence occurs 
all three faces of the rotor simultaneously, giving three power impulses for each complete revolution of the rotor. 



Figure 10:4 Wankel rotary combustion engine 



induction 



compression 



expansion 
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ihc diesel Wankel cannot be ruled out as a tHissible future po'.^er 
unit, we doubt whether it will make much headway against its 
competitors. It is most unlikely to be suitable for very small cars. 

10.3 Gas turbines 

The gas turbine appears attractive as a road vehicle power unit 
because it offers small size, low weight, absence of vibration, a 
low level of air pollution, good durability and low maintenance 
costs. Il also has torque characteristics which permit simpler 
transmission systems, requires no cooling system and has the 
ability to bum a wide variety of fuels. The main disadvantages of 
the simple gas turbine are its low overall efficiency, heavy fuel 
consumption at no load and part load, relatively high first cost, 
slow acceleration and deceleration of the gas generator section 



and absence of engine braking. Research is being devoted to 
solving these problems and has led to two-shaft designs (see 
figure I0:5), (which also provide a built-in torque convertor). 
The pan load fuel consumption of the gas turbine can be im- 
proved by a heat exchanger to feed back some of the waste heat 
from the exhaust into the gas producing section, so that less fuel 
is rteeded. In the usa. turbine powered commercial vehicles have 
already achieved part load specific fuel consumptions better than 
the petrol engine but still inferior to the diesel. With further 
development, it would seem that the large gas turbine powered 
vehicle might be able to achieve a fuel consumption as good as 
the diesel over the whole range of power output. 

The small gas turbine can be adequately silenced and the air 
intake filtered so that above idling speed the power unit would be 




In the Chrysler gas turbitie, a variable nozzle system is 
used lo direct the gas on to the blades of the second-stage 
turbine. 



A sccessofY drive 
8 compressor 

C right-hand regenerator rotor 
D veriable nozzle mechanism 
E power turbine 
F reduction gearing 
G left-hand regenerator rotor 



Kigure 10:5 Twin shaft regenerative gas turbine (Chrysler 
A/831) 
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Plate 10-2 Seven average-sized cars alongside Ford’s large gas 
turbine articulated vehicle 



as quiet as a petrol engine and considerably quieter than a diesel. 
This could become an important advantage in view of the 
difficulty of keeping the noise from more powerful diesel engines 
down to an acceptable level. 

Whatever line of future development is followed, the result is 
likely to be an increase in the complexity, weight and cost of a 
practical vehicle gas turbine and the basic materials needed for 
the engine are inherently more costly than those used in piston 
engines. Taking account of all this, and although a number of 
large gas turbine cars are under development, we doubt whether 
this type of power unit could be developed to a point where it 
would be both practical and economic for small cars. 

However, as the size and performance of commercial vehicles 
increases and engines of 250 to 400 bhp become necessary, the 
gas turbine may then prove superior to any other form of power 
unit for large goods vehicles and perhaps long distance coaches. 
But we consider that it will be at least ten years before gas 
turbines are likely to be made available on production vehicles 
of this kind. 

10.4 Air cycle engines 

In the past, the need for scarce and expensive materials capable 
of withstanding very high temperatures seriously hindered 
development of the air cycle engine* but this type of power unit 
has recently become more practicable due to modern metal- 
lurgical and engineering techniques. Current designs are now 
being developed for automotive use but they are not yet advanced 
enough for their probable performance to be assessed. They may, 
however, have some distinct advantages, including very high 
thermal efficiency, good low speed torque, silent operation and 
ability to use a wide variety of liquid and solid fuels. Also, as 
precise control of combustion can be maintained the ‘exhaust’ 
should cause the minimum of air pollution. But air cycle engines 
tend to be mechanically complicated, need exotic materials and 



are expensive. Their efficiency depends to a large extent on the 
design of regenerator*®' which may require considerable develop- 
ment before it is satisfactory. Moreover, normal methods of 
power control are impracticable and the proposed methods make 
use of variable compression and engine reversibility which have 
yet to be demonstrated. In practice, the size, weight and overall 
efficiency of the air cycle engine seem likely to be similar to that 
of an equivalent diesel engine but the wide torque range may 
make a multi-speed transmission unnecessary. However, in spite 
of its advantages we do not think there is much prospect of the 
air cycle engine becoming competitive with the internal com- 
bustion engine within (he time-scale we are considering. 

10.5 Battery electric traction 

There are a number of possible alternatives to the internal 
combustion engine, including stored energy in the form of, for 
example, re-chargeable electric batteries, compressed air, steam, 
or kinetic energy in a flywheel rotating initially at high speed. Of 
these, the electric battery has the decisive advantage that it 
delivers up its stored energy at virtually constant potential. In 
spite of its weight, the lead-acid battery is the most efficient 
method of storing energy that is at present in large scale com- 



<8> The air cycle engine, like the steam engine, is an externa! combustion 
engine. Heat is supplied to the working fluid (usually an inert gas 
such as helium) through the cylinder walls from an outside source. 
The basic cycle depends on expansion and contraction of the gas, 
which is completely sealed inside the engine and used continuously. 
The gas drives a power piston and a displacer piston which work in 
a single cylinder. These pistons move the gas through a heating- 
regenerating-cooling cycle which approaches the theoretical 
maximum (Carnot) efficiency for any heat engine. 

A device which can alternately store or supply heat in a (theoreti- 
cally) reversible manner. 
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mercial use. We ha\c. therefore, ased :i as the standard of 
eompari.son both when discussing the relati\e merits of electric 
propulsion and the internal combustion engine, and when 
considering other s\sienis and possible developments in storage 
batteries. 

Batters electric cars, taxis, buses and goods vehicles enjoved 
brief popularity at the turn of the last cemurv' but with the rapid 
development of the internal combustion engine they could not 
continue to compete on capital cost, performance or range and 
baicerx' electric traction is now used onlv for a few tv pes of local 
deliverv vans and trucks and material handling vehicles inside 
factories. The iovv energy to weight ratio of lead-acid batteries 
virtually precludes them from ever becoming a power source for 
longer distance travel. But within towns, where limited speed, 
acceleration and range are not so important electric vehicles 
seem an obvious solution to the problems of pollution and noise. 
They offer freedom from exhaust fumes, low levels of external 
and internal noise. 2-pedal control and low running costs. We 
have, therefore, examined the prospects for battery electric town 
vehicles. We have done this in conjunction with the Electricity 
Council and some vehicle and component manufacturers. 

Until recentlv’, there has been little effort, or incentive, to produce 
battery electric cars, so that there is not much practical data from 
which to assess their likely performance. But recently several con- 
verted petrol engined cars and speciallv designed prototvpes have 
been demonstrated. The conversions are essentially research 
vehicles for the evaluation of techniques and systems; as the 
Electricity Council point out, the electric car will have to be 
‘purpose-built’ if it is to be successful. These experimental 
vehicles use conventional lead-acid batteries, series wound direct 
current motors and carbon pile'>0' or electronic 'pulse' con- 
trollers. They achieved speeds and accelerations much better 
than those of the battery electric delivery truck but, in our 
opinion, are still not quite good enough to make them an 
acceptable alternative to the petrol engined car. .\bove all. their 
limited range and excessive weight remain serious problems. 

It is convenient to consider separately the prospects for motors, 
controllers, batteries and chargers. 

10.5.1 Motors 

The characteristics of conventional series wound direct current 
motors are well suited to traction. However, they can produce 
much greater torque than is needed for normal duty and smooth 
control is necessary to avoid jerks, particularly when starling 
from rest. The maximum efficienev of traction motors is about 
85% but the average efficiency is only about 60°o ''hen the 
vehicle is used in traffic and the scope for improvement seems 
slight. The power to weight ratio of traction motors is generally 
poor (about 6-10 ibs per bhp) but recently 3 lbs per bhp has 
been achieved experimentally. Further improvement seems pos- 
sible with high-speed lightweight blower-cooled motors. For the 
future, induction or brushless direct current motors may achieve 
higher efficiencies and power to weight ratios of 1 lb bhp seem 
feasible. Brushless D.c. motors lend themselves to regenerative 
braking. '•>> 

10.5.2 Controllers 

The simplest control is stepped resistors in series with the motor. 
This accelerates the vehicle in jerks and results in up to a quarter 
of the battery capacity being wasted heating the controller. The 
use of a ‘stepless’ carbon pile controller eliminates the jerks but 
not the losses. Both types of controller are heavy. ParalleTseries 
batteiy control can help reduce the losses and thereby increase 
range by 10 to 15 “o- More recently, semi-conductor methods of 
control through silicon controlled rectifiers have been applied to 
battery electric vehicles. These give ‘loss-free’ as well as stepless 
control, thus providing a continuously variable speed, together 




Plate 10-3 Battery-electric articulated milk float 




Plate 10-4 The ‘Scamp’ - purpose-built electric car, designed by 
Scottish Aviation Ltd. 



(ioj a controller consisting of a stack of carbon discs, the resistance of 
which can be varied by external pressure thereby regulating the 
voltage applied to an electric motor so as to give smooth changes 
of speed. 

See glossary. 
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with regenerative braking which can increase range by about 
10% At present electronic controllers are, however, more 
complicated and expensive than other forms of control, are 
rather heavy (about 100 lbs) and noisy. The gain from the use of 
more sophisticated controllers becomes important under stop- 
start in slow moving traffic and in hilly terrain. Research is, 
therefore, being devoted to the development of lighter, cheaper 
and more efficient controllers. 

10.5.3 Batteries 

The energy to weight ratio of the battery determines the perfor- 
mance of an electric vehicle. Not only are good acceleration, hill- 
climbing ability and high top speed obtainable only at the cost of 
some loss of range, but the energy to weight ratio of present 
batteries puts an early limit on the total performance now 
possible from an electric vehicle. For example, the batteries in 
one of the experimental cars sponsored by the Electricity Council 
weighed 830 lbs, provided a top speed of 40 mph, an acceleration 
of 4 mph per second up to 20 mph and a non-stop range of about 
30 miles on level ground. The weight of batteries might, with 
development, be reduced to perhaps 600 lbs. This would improve 
performance a little. The outstanding need is for a battery with a 
much higher energy to weight ratio but this is unlikely to be 
achieved with the lead-acid battery. 

In addition to a high energy to weight ratio, batteries for vehicle 
propulsion need a long life in terms of charge and discharge 
cycles, the ability to accept a rapid re-charging (present batteries 
need 5 to 10 hours for re-charging) and low cost. No battery at 
present available meets these further needs. Lead-acid and 
nickel-iron batteries are capable of delivering only about 8 to 
12 watt-hours per lb. Nickel-cadmium, silver-cadmium and 
silver-zinc batteries are all expensive, as well as having other 
disadvantages. 

The main object of present battery research is to increase the 
energy to weight ratio. Fuel cell research has led to the develop- 
ment of air electrodes, making possible the zinc-air battery which 
has a very high theoretical energy to weight ratio. Experimental 
zinc-air batteries built by the General Dynamics Corporation in 
the USA. have achieved energy densities of 50 to 60 watt-hours 
per lb. and even higher ratings may be possible. Table 10:1 
shows some of the advantages of a zinc-air system compared with 
other batteries. 



Battery 

Type 


Active 

Material 


Approx. 

Price 

(£ per ton) 


Energy Density 


Theoret- 

ical 


Achieved 


(watthrs 
per lb) 


(watthrs 
per lb) 


(watthrs 
per cu. 
in) 


Lead-add 


Lead 


100 


115 


12 


0-9 




Nickel 


650 


215 










15,000 


220 


40-70 


2'5-3-5 


Zinc-air 


Zinc 


100 


400 


50-60* 




Cadmium-air 


Cadmium 


1,800 


500 







*Data based on detailed design study. 
tEstimated. 




Plate 10-5 The motor and transmission in one of the Mini- 
Travellers converted for the Electricity Council by Telearchics 
Ltd 




Plate 10-6 The batteries in the Mini-Traveller converted for the 
Electricity Council by A.E.I. Ltd 



Table 10:1 Theoretical and achieved energy densities of motive 
power battery systems 



In the zinc-air battery, zinc plates form one electrode, porous 
nickel plates the other; the electrolyte is a solution of potassium 
hydroxide. The energy release occurs as a result of the conversion 
of zinc to zinc oxide. Air for this purpose is pumped through the 
porous nickel plates and oxidization occurs when the air reaches 
the zinc anode. The electrolyte is passed through the cell stack, 
carries the zinc oxide to a filter and then goes on to a reservoir 
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happens in lead-acid batteries. The battery can be charged in the 
norma! way. 



tsce ligurc 10:6). Storage of the reaction products outside the cell 
avoids their build-up on the plates, impeding the reaction, as 



excess air and 
nitrogen out 




However, the zinc-air battery needs an air compressor, a pump 
for circulating the electrolyte, a filter, a storage tank and an air 
separator in addition to the cells. It is more complicated and 
likely to be more costly than a lead-acid battery of ■iimilar 
capacity. Some further technical problems remain to be over- 
come and it seems likely that it will be at least five years before 
such battery systems become a commercial proposition in this 
country. An indication of the increase in range which might be 
obtained from a zinc-air battery is given in Table 10:2. 



Battery Rating 
(watt hrs/lb) 


Battery Weight 
(Ibs) 


Energv' Capacity 
(kw hr) 


.Approx. Range 
(miles) 


12 (lead-acid) 


850 


10 




50 (zinc-air) 


850 


4^-5 




50 (zinc-air) 


500 


25 


80-120 



Table 10:2 Range of typical vehicle (3,000 lb gross weight) 



10.5.4 Battery chargers 

The charging equipment for battery electric vans and trucks is 
not usually carried on the vehicle but for an electric car to have a 
built-in charger would increase its flexibility and help compensate 
for its short range. Present battery chargers cost about £50 and 
weigh about 80 lbs. We have seen no indication of the prospects 
for big reductions in cost, weight or size. The need for built-in 
chargers would be less if batteries providing a much improved 
range become available. 
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10.5.5 General considerations 

Considerable further development is needed if battery electric 
cars are to become generally accepted as a practical alternative 
to the petrol engined car. Although electric cars could probably 
meet most of the performance requirements for a small town 
vehicle as set out in section 3.5.6 of Chapter 3 and also have very 
good stability, their limited range, although enough for a high 
proportion of town trips, would be a serious inconvenience. In 
congested traffic or in hilly districts the range is likely to be a 
good deal less than that obtained running free on the level. And a 
discharged battery cannot be refilled quickly, like a petrol tank. 
The effective range is Therefore likely to remain the critical factor 
until batteries with a considerably higher energy to weight ratio 
become available. 

Other methods could help to increase the range of an electric 
vehicle - such as the provision of charging facilities at parking 
meters, off-street vehicle parks and garages. Vehicles might be 
designed so that the batteries could be replaced easily as a unit. 
This would, however, need a completely different pattern of 
operation, with spare batteries being held at convenient exchange 
points. Standardised equipment would be needed and we think 
that the cost and difficulty of providing such a service might 
make it impracticable. 

Although it is possible that the first cost of a specially designed 
vehicle could be lower than that of a similar petrol engined car, 
and fuel and maintenance costs are also low, the cost of battery 
replacement every four years is high. Many people might find it 
difficult to set aside up to £150 for this and special arrangements 
might have to be made for batteries to be hired. This particular 
problem would not necessarily be overcome simply by an 
improved battery energy to weight ratio. 
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10.6 Fuel cells 

Fuel cells convert fuel into electric power, which can be used to 
drive motors or other electrical equipment. Their essentia! 
feature is that the material needed to generate the electric power 
are fed in continuously, while the reaction products are con- 
tinuously removed, the cells remaining largely unaltered. This 
differentiates them from the ordinary primary or secondary 
battery, in which the electrodes are either consumed, or subjected 
to chemical changes which are then reversed by a recharging 
process. 



Figure 10:7 Diagrammatic representation of a hydrogen- 
oxygen fuel cell 




Plate 10-7 A sectioned hydrogen-oxygen fuel cell by Electrical 
Power Storage Ltd 



Fuel cells are not in general industrial use but their recent success- 
ful application in space satellites has helped to draw attention 
again to their possible use for other forms of transport. The 
potential absence of noise and fumes from a power system based 
on a fuel cell and electric motor has led to suggestions that they 
might provide particular advantages for town transport vehicles. 
But the fuel cell seems a long way from any industrial application 
and perhaps further still from use in a road vehicle, and par- 
ticularly a small car. We have looked briefly at the possible forms 
of fuel cell known today and their possible application for road 
vehicle use. 

The chemical reactions in a fuel cell rely on oxidization of a fuel. 
To generate electricity from this requires that the fuel and 
oxidizer are supplied to two different electrodes that are linked, 
within the cell, by the electrolyte. A simple application of this 
uses hydrogen as the fuel, oxygen as the oxidant and potassium 
hydroxide as the electrolyte (see figure 10:7). This can produce 
electricity so long as the hydrogen and oxygen supplies are main- 
tained; the reaction produces only water as a by-product. The 
basic problem in the practical development of a fuel cell is in 
bringing together the solid electrode material from which the 
electric power can be collected, the liquid electrolyte that forms 
the internal electrical circuit and the gas that provides the fuel or 
oxidant. Practical fuel cell designs represent different ways of 
tackhng this problem. They can conveniently be grouped accord- 
ing to the temperature at which they operate - low temperature 
cells, up to about lOO'C; medium temperature cells, at 150° to 
350°C; and high temperature cells, at 400° to 1,000°C. 
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Low icnipcraturc colis can operate on hydrogen gas as fuel, 
oxjgon or air as the u\idi/ur but need a catalyst (usually 
involving platinumi incorporxucii into the electrodes. To avoid 
the dirtk'ulties of supplying hydrogen as a gas, it is possible to 
use hydrazine (NjHj.H^O) as the fuel, but as hydrazine is both 
very toxic and at present expensive, it is unsuitable for general 
use in vehicles. Alternatively, methanol can be used as the 
hydrogen source but to react at normal temperatures this 
requires a very- expensive catalyst - perhaps £150 worth of 
platinum for each horse-power of electrical energy. 

The medium temperature cell can avoid the high-cost catalysts, 
because less rare materials, such as nickel, will then operate as 
catalysis. Alternatively, the combination of medium temperature 
and platinum as a catalyst makes possible a cell using propane 
as a fuel. 

Hydrocarbons provide a very convenient form of fuel for 
vehicles, but to oxidise a wide range of them with the catalysts at 
present available may need high temperatures. These create cor- 
rosion and engineering problems (including the use of auxiliary 
equipment) that increase cost and reduce suitability for the sort 
of small-scale installations that would be needed in a car. 

The fuel cell could have a theoretical efficiency, in converting 
fuel into electrical energy, approaching 100%. But electrical 
losses within the cell, the power used by auxiliaries and, in high 
temperature cells, the heat losses, might mean practical efficien- 
cies of the order of 40%. It might thus still be nearly twice as 
efficient as a petrol engine but for vehicle - and particularly car - 
use, this gain is of little importance so long as the real cost of fuel 
remains a very small proportion of the total real costs of vehicle 
use and if the first cost of the power unit is substantially higher. 
The power to weight ratio of a fuel cell system does not seem 
likely to offer much advantage over an internal combustion 
engine. 

Major difficulties stand in the way of the use of fuel cells in road 
vehicles. Hydrogen provides the best fuel but the cost, weight 
penalty and danger of storing and using it in gaseous form make 
It quite unsuitable for general mobile use. To use methanol or a 
hydrocarbon as the hydrogen source needs, at present, a pro- 
hibitively expensive catalyst or temperatures so high as to make 
the system quite unsuitable for small installations or for providing 
power quickly from cold. But a great deal of effon is now being 
put into fuel cell research - not primarily for road vehicle use - 
and this may well produce results relevant to road vehicles. 
Solving the engineering problems connected with high tempera- 
ture systems using petroleum fuels might possibly create a power 
souTte suitable for road vehicles that were in comparatively 
continuous use - such as buses, coaches or lorries. The absence 
of vibration and low level of noise potentially obtainable might 
have passenger appeal. For car use, the essential need is for a 
cheap catalyst that would make possible a low temperature (say 
below lOO'C) reaction with fuels of a sort that could safely be 
used in large numbers of privately-owned vehicles. This is not 
the sort of objective that can be achieved merely by more 
development effort. It would be, in popular terms, something of 
a breakthrough’, assessing the possibility of which we regard as 
speculation. While, therefore, unforeseeable developments could 
make the fuel cell a practical proposition for road vehicles and 
even for cars, the state of fuel cell technology at the moment 
leaves some major difficulties in the way of extensive industrial 
use of fuel cells; and these difficulties are even more acute in the 
application of fuel cells to road vehicles. '>2' 



10.7 Atomic power sources 

Atomic power requires shieiding. In the absence of some com- 
pletely new form of shielding, much lighter and yet at least as 
effective as existing materials, we do not consider atomic reactors 
or rad,o-acti.e isotopes worthy of serious consideration as 
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power sources for road vehicles, and particularly for small 
vehicles. 

10.8 Conclusions 

Unforeseen developments in power units are always possible 
But on the basis of what is at present foreseeable we consider 
that the reciprocating or perhaps the rotary internal combustion 
engine will remain for many years the best form of power unit 
for road vehicles generally and particularly for small citycars 
Very large commercial vehicles will continue to present a noise 
problem but for other vehicles, noise need present no serious 
difficulties and air pollution, under British conditions, could be 
reduced to insignificant proportions. But the zinc-air battery may 
well prove to be a major development. The need for its auxiliary 
equipment means that very small installations may be compara- 
tively expensive and may therefore prove more attractive in the 
sort of size that would be needed for small buses or goods 
vehicles. Its potentially noiseless and fumeless characteristics 
could make it particularly well suited to some town applications. 
At present, battery electric vehicles cannot combine adequate 
acceleration, speed - particularly on hills - and above all, range. 
But with the development of practical and economic storage 
systems having four to five times the energy to weight ratio of the 
lead-add battery they might become by far the most promising 
alternative to the internal combustion engine for town vehicles. 



wtl f I. ^°f‘*“n'-sulphur-alumina and Lithium-chlorine 
molten metal celU are now being developed for vehicle use by 
respectively. In both cases, the per- 
^ 15 much superior to that of the lead-acid 

anrf Jk .Sodium-sulphur cell operates at 250 to 300“C 

315 to 650»C, there are many 
practical problems still to be solved. 
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11 Automatic vehicle control 



It is characteristic of the motor vehicle of today that its motion is 
fully controlled by the individual driver. He has to monitor its 
position, speed, acceieration or deceleration in relation to the 
desired route, surrounding traffic and fixed obstacles. He must 
also react to road signs and signals, and ignore distractions. 
From what he sees and senses he decides how to operate the 
vehicle controls. The human brain and sensory system perform 
these functions with remarkable skill and reliability, but they do 
so comparatively slowly in relation to the speed of events in 
moving traffic. For example, there is usually a delay of about one 
second between a driver first seeing a hazard and being able to 
initiate consequential action. Most of this time is taken up by 
the driver in observing the situation, deciding upon the action 
required, and making the necessary body movements to operate 
the controls. By using automatic devices rather than relying on 
the driver it might be possible to reduce this time lag and also 
the risk of errors. This could have two advantages. Road capacity 
might be increased, and road safety might be improved. In bad 
visibility a system providing better observation than the human 
eye would be particularly valuable. 

But automatic control has a most important limitation. The 
system would have to respond more quickly than the average 
driver, or there would be little benefit from it. It follows that if it 
failed, the driver would be unable to take over at the instant of 
failure. Consequently, the system would not only need to be 
reliable; it would also have to create a safe situation if it broke 
down - and merely bringing the vehicle to a halt might not be a 
particularly appropriate action. We can find no present-day 
paraUel for a system in which the person in charge and at risk 
cannot take over from an automatic mechanism in an emer- 
gency.*') Furthermore, some experiments with automatic 
vehicle control have suggested that a system which did not 
perform better than the driver thought he could do himself, 
would not be acceptable to the ordinary man-in-the-car. The 
psychological as well as the safety aspects of automatic vehicle 
control would therefore need thorough investigation before any 
system could be brought into everyday use. 

11.1 The possibilities 

The ultimate in de-personalized control would be fully automated 
door-to-door travel, with automatic route- ing. Although this may 
be on the threshold of technical feasibility, we think that its 
practical application is beyond our time-scale, and the operational, 
administrative and economic questions it raises are beyond the 
scope of this study. Systems have been devised for linking road 



Automatic take-off and landing systems for aircraft are not in the 
same category. The situations are not comparable, the number of 
installations is comparatively few and because of the advantages 
such systems offer to airline operation, high cost does not neces- 
sarily rule them out. Moreover, the operators are carefully selected 
and highly trained, 

'21 Such as the StaRRcar system being developed by Alden Self- 
Transit Systems Corporation in usa. 

*3) i.e. by a system using radio waves. 



vehicles together to make pan of the journey on fixed tracks.'^! 
This raises a wide range of considerations that we have not gone 
into because we see the concept as being somewhat outside our 
terms of reference. Warning devices and conventional vehicle 
controls might also be improved, but we regard these as aids to 
driving, and have dealt with them in Chapter 7. 

In this chapter we have therefore limited ourselves to considering: 
(aj automatic steering, or vehicle guidance', and 
(b) automatic spacing, or proximity control. 

We have mainly considered the use of these controls in town 
traffic, although they may w'ell have uses on inter-urban roads, 
especially motorways. We have not considered automatic speed 
control as such. Systems have already been developed which 
enable a desired cruising speed to be maintained automatically. 
Although speed control could form part of, for example, a 
system for controlling traffic flows over a wide area, it seems to us 
that, at any rate for town traffic, it must be considered as part of 
the process of proximity control. 

11.2 Vehicle guidance 

We see the main purpose of vehicle guidance in towns as being to 
enable vehicles to be driven safely in very narrow traffic lanes. 
This would be particularly valuable with vehicles of fairly 
uniform width. It could be particularly important in contributing 
to the safety of an overhead road system such as is described in 
Chapter 3. Guidance systems might also improve safety in fog, 
and guard against errors resulting from tiredness or inattention. 
In Chapter 2 we suggested that at present a lateral spacing of 
about 2 ft 6 in to 3 ft is needed between cars at normal town 
traffic speeds. If this distance could be halved with no loss of 
safety, it would enable lane widths to be reduced by about 15 % 
for present-day average-sized cars and by more than 20 % for the 
smaller citycars we have considered. It might also make it possible 
for wide commercial vehicles and buses to operate safely at speed 
on traffic lanes much narrower chan the standard 12 ft width now 
aimed at. This could make it possible to create additional traffic 
lanes within existing road widths, with consequent advantages in 
the better use of road space and some savings in highway costs. 
The simplest form of vehicle guidance is a guide rail of some kind. 
A mechanical guidance system is used on part of the Paris 
‘metro’, and various systems using horizontal wheels to guide 
vehicles between side rails, or astride a central rail, have been 
developed experimentally. These systems may have applications 
for special purposes, such as for buses operating on reserved 
tracks, or perhaps for small vehicles on the kind of segregated 
system described in Chapter 3. But the rails usually have to be 
above ground, and we think that the difficulties this creates at 
intersections and in overtaking seriously restricts the general 
usefulness of such systems. 

Various other means of guidance are possible. Essentially, they 
require a trail to be laid which can be detected by a device on the 
vehicle. The trail might, for example, be a painted line, followed 
optically, or a radio-active or metallic strip, detected electro- 
magneticaUy.'J* A system using a cable carrying an electric 
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Plate 1 1 - 1 Mechanical guidance system used on Montreal Metro 




Plate 1 1-2 ‘Hands-off ‘ driving at the Road Research Laborato^ 



current which can be detected by coiis mounted on the vehicle 
has been developed experimentally by the Road Research 
Laboratory and enables a car to be driven ‘hands-off’ at 40 mph 
with no significant deviation either side of the centre line The 
cable is easily laid in a groove sawn in the road surface and 
requires very little power (see figure 11:1). The normal car battery 
can provide the power needed for the vehicle equipment. A system 
on similar principles has also been developed by General Motors 
Research Laboratories. Ordinary manual control is possible for 
overtaking, for selecting a route at a junction or for use on roads 
without guidance control. It appears to be comparatively simple 
to incorporate manual over-ride facilities in non-mechanical 
systems, and this seems to offer great advantages over mechanical 
guidance. 

We conclude that guidance systems in one form or another are 
feasible and could in suitable circumstances be used to reduce 
lane widths. Whether guidance would bring about an overall 
improvement in road safety is less clear. Unless it was combined 
with proximity control, obstacles on the guide path might be a 
hazard, and pedestrians crossing roads might be at greater risk 
than they are now. At present, a simple electrical system appears 
to be the most promising for early development. But on ordinary 
multi-purpose streets vehicles need to be able to stop change 
lanes and turn off at intersections. Under these conditions auto- 
matic guidance seems unlikely to increase road capacity to any 
worthwhile extent, and we are not sure that it would make any 
very great contribution to road safely, except in bad visibility 
We do, however, see scope for the use of some system of this 
kind for buses especiaUy if they were to be operated on reserved 
lanes. They are of fairly uniform width and performance, and 
follow defined routes. The number of buses to be equipped would 
be small, as compared with the total vehicle population. Bus 
passengers and other road users might all benefit if buses could 
use. on at least part of their routes, narrower lanes than they do 
at present. Whether the savings obtainable by a particular 
system would justify its cost is another matter, and one that 
would need to be evaluated. 
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Plate 1 1-3 E.M.I. Robotug driverless truck system in action 



Outside towns, a guidance system might weE have applications in 
relieving the driver of part of his task, although manoeuvres such 
as overtaking and passing stationary obstacles would create 
problems of interchange between automatic and manual control 
which do not appear so far to have been satisfactorily resolved. 

11.3 Proximity control 

We showed in Chapter 2 that driver reaction time is an important 
factor in the amount of road space needed by a vehicle in moving 
traffic. The comparison of the make-up of headways in figure 11 :2 
shows that at speeds of more than 15 mph the greater part of 
headway consists of the distance aUowed by drivers for the time 
they and their vehicles need to react to the behaviour of iraStc 
ahead. 

In clear weather a driver can usually see further ahead than the 
next vehicle, and can anticipate the action he is likely to have to 
take. Even so, if a driver's response time could be eliminated, we 
estimate that a 40% increase in lane capacity could theoretically 
be obtained using present-day, average-sized cars; and the 
margin of safety would be greater than at present. When com- 
bined with automatic guidance, the increase in capacity obtain- 
able from proximity control could be even greater. We recognise 
that this is an over-simplification of the town traffic situation, 
where the main limitations on the capacity of urban roads are the 
bottlenecks caused by intersections. But the main factor affecting 
vehicle spacing through light-controlled intersections is the time- 
lag in moving off. Here, too, proximity control could increase 
traffic capacity. 

The problems of proximity control are much more complex than 
those of automatic guidance. Keeping correct station behind a 
moving vehicle entails continuously observing its performance 
and perhaps the behaviour of traffic further ahead, and adjusting 
the speed of the controlled vehicle. Research into possible ways 



I j element related to differences in retardation between 
one vehicie and the next. 

I I element related to total reaction and response time, 

I I element related to vehicle length. 
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Figure 11:2 Changes in the make-up of vehicle headway as 
speed tncreases 



of eliminating human fallibility and response lime has followed 
two lines: 

(a) control from the roadside; and 

(b) control within the vehicle. 

11.3.1 Control from the roadside 

Control from the roadside is analogoia to railway automatic 
train control. The road is divided into sections and the behaviour 
of vehicles passing through each section is continuously moni- 
tored. The appropriate speeds for vehicles foUowing in other 
sections are calculated by computer and controlled automatically 
from the roadside. A system of this type, combined with guidance, 
has been developed to demonstration model stage by General 
Motors Research Laboratories. 

11.3.2 Control within the vehicle 

To equip each vehicle with an ‘automatic driver’ is more difficult. 
The problem is to devise a detector as discerning as the human 
eye and a computer capable of making the same kind of decision 
as the human brain. A good deal of theoretical work has since 
been done on this<5i and mathematical solutions have been 
suggested but, so far as we are aware, these studies have not 
reached the stage of practical experiment. 



General Motors Research Laboratories Auto-Control System - 
described in U.S. Highway Research Board Bulletin 261 (1960), 
Electronic Highways. 

For example, by R. L. Cosgriff, J. .T. English and W. B. Roeca at 
Ohio State University. 
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An ertck-'live sjsicm vsould need; 

(a) to be eapabie of muimaiiiiny a siead> time interval between 
vehicles, appreciably shorter than that which can safely be 
maintained by the average human driver; 

(b) to produce smooth acceleration and deceleration in the con- 
trolled vehicle; and 

(c) to prevent minor changes in speed and interval at the head of 
a group of vehicles from becoming accentuated further down 
the line. 

The information needed for automatically controlling the spacing 
between a vehicle and the one in front includes: 

(a) the distance to the vehicle ahead : 

(b) the relative speed of the controlled vehicle to it; and 

(c) the rate of acceleration or deceleration of the controlled 
vehicle. 

To obtain this it is essential to measure, at very short intervals of 
time, the distance to the vehicle ne.\t ahead. Of the many ways in 
which this might be done, the most promising, but not neces- 
sarily the only practical way,*®’ appears at present to be with a 
miniaturised radar system, using one of the recently developed 
microwave sources. A m^or problem, as with any other system 
relying on reflection, is to discriminate between the echoes 
returned from the vehicle ahead and other objects or vehicles. 
This might be coped with by fitting secondary radar systems to 
the rear of all vehicles, as well as transmitters and receivers to 
the front. Electronic manufacturing techniques are developing 
very rapidly, and the mass production of very small, reliable and 
cheap radar equipment may well be possible within the time-scale 
we are considering. But we must emphasise that this is only one 
part of the problem. The assessment of the measurements 
obtained remains a formidable computer problem, and a servo 
system'” would be needed to operate the vehicle controls. The 
system would have to be considered as a whole, and new systems 
of controlling the engine, transmission and brakes might be 
needed. 

Even if the basic technology is possible, a lot of problems 
remain. Vehicles would follow one another at no more, and no 
less, than the minimum safe interval. The driver could not safely 
be allowed to over-ride the automatic control. Situations such 
as merging traffic streams, passing stationary vehicles, and 
leaving the traffic stream would pose great difficulties. Means 
would need to be found for dealing with changes in road con- 
ditions, such as icing, and perhaps for such variables as the 
efficiency of braking systems. Unless and until the system were 
fitted to all vehicles, drivers would need to learn, and to be 
constantly aware, that there were some occasions when they 
could rely on this system and others when they could not. There 
would be a considerable risk that automatic control would 
condition drivers to travelling at interv'als that would be unsafe 
with manual control. We, therefore, have serious reservations 
about the practicability of any system of proximity control short 
of complete automation, which is a much more remote possibility 
than anything we have considered here. 

11.4 Conclusions 

Automatic guidance is already technically possible. Electronic 
rather than mechanical means appear to hold the most promise, 
except possibly for very specialised applications. Under town 
conditions, the early benefits obtainable from automatic guidance 
may be in bus operation, where it could offer the space saving 



adv antages of a fixed track system whilst retaining the flexibility 
of the bus in picking-up and setting-down areas, and at depots. 
.Although methods of controlling vehicles from the roadside have 
been developed to quite an advanced stage, they are more suited 
to motorways than to typical town street conditions in this 
country, and satisfactory solutions do not yet appear to have 
been found to the problems associated with passing, the mixing 
of controlled and uncontrolled vehicles, and safety in the event of 
equipment failure. 

We are very doubtful about the possibilities for fitting each 
vehicle with its own proximity control system. It seems likely 
that it could not in any event, be entirely self-contained. Whilst 
most of the technology may be possible within our time-scale, 
there would be very great difficulties in applying it to actual 
road conditions. A high degree of reliability and built-in safety 
would be essential; even so, it would create unprecedented 
problems of driver psychology. Assuming that a proximity 
control system could be perfected, the manufacture, installation 
and maintenance of the equipment needed for even the simplest 
system would, inevitably, cost a great deal in money and techno- 
logical resources, and this would need to be weighed against any 
saving in expenditure on highway construction or other traffic 
facilities that the system might make possible. We consider that 
it would first of all be necessary to develop experimental systems 
in order to evaluate whether the gains would be likely to justify 
the cost, as well as to test human reactions to it. As we have 
suggested in Chapter 7 we think that a more immediate and 
worthwhile application of the detector systems needed for 
proximity control might be in a warning device that would enable 
vehicles to operate on motorways and other high-speed roads in 
bad visibility without the risk of multiple shunt collisions. 



Infra-red and ultra-sonic means have, for example, been suggested, 
and we are informed that some experiments have been made with 
the latter. 

See glossary. 
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12 The future context 



In this study we have particularly sought to establish how the 
community could make extensive use of cars, as it evidently 
wishes, while at the same time reducing as much as possible the 
difficulties and penalties that this creates for society at the 
present lime. We think this emphasis on the car is right, for two 
reasons. First, in setting up the study, the then Minister of 
Transport made it clear that it was coping with the private car. 
rather than other sorts of vehicles, that was particularly difficult. 
Second, we think that in the decades ahead many more people 
are going to be able to afford, and are going to expect, higher 
standards of personal comfort and convenience. And in the field 
of transport, this seems to us likely to take the form of a desire, 
by society as a whole, to make increasing use of the car. 

Our analysis of the vehicle design features that would make 
possible greater use of the car led inevitably to our looking at the 



broad traffic circumstances in which cars operate, the space 
savings from segregation of cars and the possible need for some 
ne\^ road works to achieve such segregation. Some cities in the 
USA have shown the degree of motorized mobility that is possible 
by planning urban development around the use of the car and by 
devoting considerable resources, of both land and material, to 
road building. We have taken it as axiomatic that this option is 
not open to us in this country; not only will land in our towns 
always be scarce but manpower and materials available for road 
building will also be limited. So although more money is now 
being invested in roads in towns, we doubt if potential demand 
for urban road space can ever be fully met. We have, therefore, 
assumed that there will remain a pressing need to get the best 

Plate 12-1 Motorised mobility at a price 







Plate 12-2 Severance of communities by general purpose motor- 
■Aays 



value out of space and money. We think our study shows one 
way in which a lot more personal motorized mobility could be 
achieved without the penalty of the space needs and cost of 
all-purpose urban motorways. 

It often appears that improvements in the capacity of a road 
system are very quickly matched by such an increase in traffic 
that much of the potential benefit from the increased capacity 
seems lost. It might be argued that this will inevitably apply to 
any attempts to increase accessibility by car. But it seems to us 
that this ignores two factors. First, even if increased capacity is 
largely taken up by increased traffic, it still allows a greater 
number of people the benefit of the use of personal transport. 
Second, there seems to be an increasing recognition that some 
means must be found to ensure that traffic congestion itself does 
not indefinitely continue to be the main factor limiting the 
growth of traffic. If other methods - from simpiy a more compre- 
hensive policy towards the provision and use of parking space to 
some of the more elaborate methods of road pricing now being 
investigated - are applicable to traffic generally, they could be 
equally or more applicable to any special town cars. 

But however desirable personal transport is, and however 
efficient a more widely-based system of it can be made, decisions 
about the role for personal transport in towns must, it seems to 
us, take account of a wide range of planning, amenity and other 
factors. Any assessment of the desirability of having a system of 
citycars can be made only by comparison with other possibilities. 
In London, the majority of all person-journeys to the central 
area - and particularly at peak times - are at present made by 
public transport. In smaller cities, the proportion made by 
public transport is less - and sometimes very much less. It is not 
clear to what extent cities will rely respectively on public and 
private transport in the long term future. The trend in some 
cities abroad towards re-establishing public transport systems, 
after having done a very great deal to provide for the extensive 
use of cars, suggests that the right roles for public transport and 
the private car may still not be clearly discernible. No system of 
personal car transport that we have been able to visualise can 
make as good use of road space per person as public transport. 
Yet the car offers a standard of service - in terms of convenience, 
comfort, availability, and so on - never likely to be achieved by 
any urban public transport system. What we do not know is how- 
much value the public will attach to the advantages a car can 
offer and how much the community will be prepared to pay to 
have the necessary facilities. Such indications as there are 
suggest to us that people are prepared to pay a good deal for the 
use of personal transport. We have tried to show how the com- 
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munity if it wants to make extensive use of cars, could do so with 
much less road and parking space than is needed by the present 
pattern of car use; and how it could be achieved with far less 
demolition and rebuilding of towns than would be needed to 
cope with the same numbers of cars of the present sort, and with 
their present pattern of mixed traffic use. We think that the 
relative roles of public and private transport need to be decided 
upon in the light of this. 

Arriving at a decision on a possible role for citycars, alongside 
wide ranging decisions about the form of cities and in the light 
of appraisals of all the forms of transport open to the com- 
munity requires studies of the relative costs and benefits - taking 
into account the physical resources involved and also the less 
tangible amenity and other considerations - of a range of 
possibilities. This is an exercise well outside the scope of this 
study, but one that would need to be attempted before any final 
conclusions could be reached about the place of the very small 
car in solving the urban traffic problem. 

It may at first appear that in looking at possible developments of 
cars, we have taken a longer time-scale than in looking at buses 
and goods vehicles. We would make two points. The develop- 
ments we have referred to in the bus field, although not dramatic 
would no doubt take a good few years to come into effect. 
Second, the zinc-air battery, which may well become a practical 
proposition, may prove a useful and worthwhile power source 
for both small buses in city centres and for goods vehicles in 
towns. As far as can be foreseen at present, it will always be a 
more expensive power source than the internal combustion 
engine. But if, as we suggest, there is increasing goods vehicle 
traffic in towns at night, the cost penalty might become worth 
accepting for the benefit of less noise. 

In this study we have not considered in any depth developments 
that may be possible in forty or fifty, rather than twenty or 
thirty years’ time. Two types of development may by then be 
complementary. Developments in electric power and in elec- 
tronics may make possible vehicles driven electrically and con- 
trolled electronically, as to both spacing and destination. In such 
a system, driving as we know it today would disappear. Secondly, 
there are signs, among car-using societies, that greater use of the 
car leads to a growing tendency to regard its use in towns solely 
as a convenient, and increasingly indispensable means of trans- 
port, rather than as a form of pleasure. As a result, town driving 
may become less personal, more disciplined and more subject to 
social responsibility. Both engineering and psychological factors 
point to the ultimate development of automated individual 
transport in cities. 
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Organisations with sshotn the Working Group base been in touch 

Aldon Self-Transit Systems Corporation 

Alexander Gcddes dc Co Ltd 

Austin Crompton Parkinson Electric Vehicles Ltd 

Automobile Association 

Battcllc Institute 

British Cycle & Motor Cycle Industries Association 

British Motor Corporation Ltd 

Building Research Station. Ministry of Technology 

British Technical Council of the Motor & Petroleum Industries 

Cambridge L'niversity Engineering Dept 

Electric Vehicle AssiKiation of Great Britain Ltd 

The Electricity Council 

Energy Consersion Ltd 

Euxton Coachcrafl Ltd 

Ford Motor Co Lid 

Freeman Fox & Partners 

Greater London Council. Scientific Branch 

P. Gregory & Associates 

T. Grubb Ltd 

H. F. Holdings Ltd 

Hornsey College of Art 

Imperial College of Science and Technology ( Department of Ci\ il 
Engineering — T ran sport j 
Internationa! Research & Deselopmem Co Ltd 
Leyland Motors Ltd 
London Transport Board 
Joseph Lucas Research Ltd 
Mawdsley’s Ltd 

Medical Research Council CAir Pollution Research Uniil 

(Applied Psychology Research Uniu 
Motor Industry Research Association 
National .Automobile Safety Belt .Association 
Ogle Design Ltd 

Ohio State University ( Department of Electrical Engineering) 
Oswestry Motors 



Royal .Automobile Club 
Scottish .Aviation Ltd 
Shell Research Ltd 
Sidler Ltd 

Society of Motor Manufacturers and Traders Ltd 
South Western Electricity Board 
The Standard-Triumph Motor Co Ltd 
Stevenage Development Corporation 
Telearchics Ltd 

L niversity of the West Indies (Social & Economic Studies) 

\'auxhall Motors Ltd 

Wallasey Corporation Transport Dept 

NVarren Spring Laboratory, Ministry of Technology 



The Pedestrians A.ssociation for Road Safety 
Maurice Platt, Esq. M.Eng. M.I.Mech.E. M.S.A.E. 
Pneuways Development Co (p\ t> Ltd Johannesburg 
Ransomes Sims & Jefferies Ltd 



Ricardo & Co. Engineers 11927) Ltd 

Road Research Laboratory. Ministry of Transport 

E. J. Roberts & Associates 



In addition, the Group is grateful for the 



•jnrf I • ‘ interesting letters 

•nd hdpful suBEtMions remved from member of the public. 
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Appendix B 



Personal transport in towns: Short term hire and 
interchange arrangements 

Private ownership and use are not essential to car use in towns. 
Many journeys into towns are journeys to work which are made 
in medium or large sized cars, often with the driver as the sole 
occupant. These cars frequently lie parked and unused through- 
out the day. Short-term hire and interchange systems are possible 
means of overcoming the waste of road and parking space 
resulting from this sort of use of private cars in town centres. 

Short-term hire systems 

Various systems of personal short-term hire, sometimes called 
pool ownership or club hire, have been associated with the use 
of specialised town vehicles."’ The basis of such systems is a 
fleet of cars operating within a town area, all members of the 
club or organisation that operates the pool of cars having access 
to them for any journey in the area. 

The unqualified advantages of such a system are that the best 
use could be made of mechanical parking, because it would not 
be necessary to select any particular car from a park, while 
municipal or company ownership would be expected to make for 
economies of scale in ilie servicing and repair of vehicles. 

A substantial advantage would result if the demand for pool 
vehicles was such that the whole fleet was well used throughout 
the day, for in such circumstances fewer vehicles and less overall 
parking space would be needed than with a system based on 
private ownership. However, demand is not constant throughout 
the day. Many of the pool cars needed at peak hours would not 
be used at off-peak times, so the handling and storage of pool 
cars could become a big problem. 

A basic difficulty with pool hire is providing vehicles where and 
when they are required. A system in which pool cars could be 
left at the kerbside would be very difficult to administer, so that 
parks where they could be left or hired would almost certainly 
have to be provided at a large number of points within the town. 
Alternatively, cars would have to be made available at the users' 
homes or places of work, which would inevitably result in sub- 
stantial handling and administrative costs. Even if there were a 
large number of parking centres, there would be the problem of 
moving cars between parks, for demand would not necessarily 
coincide with the location of available vehicles. Some indication 
of the extent to which cars might have to be moved to meet 
demand is perhaps given by the extent to which taxis make un- 
engaged journeys in a typical working day. On average London 
taxis cover 38% of their total mileage while unengaged. (2> If 
there was no collection and transfer of vehicles to meet demand, 
the quality of the service in some areas would be very poor, 
which would make pool hire an unattractive alternative to private 
ownership in these areas. 



< i> For example by the Battelle Institute of Geneva, SlaRRcar and 
Rank. 

(2) See London Traffic Survey (1962), vol. 1, Chapter 8. L.C.C. 1964. 



A pool system has two main design implications for the town car. 
First, because of the continuously varied use to which it would be 
put, a pool car would need to be of more rugged construction 
than a vehicle intended for private use. Second, it would have to 
be fitted with a device which would enable the user to be identified 
and the time or mileage for which the vehicle was used to be 
recorded or charged for. This would be essential if members were 
to be charged for journeys made on the basis of use. 

However, the problems of fraud and mis-use would be formid- 
able. If keys or discs were employed, there would be no easy way 
of dealing with their loss by members, for the finder would have 
access to all pool vehicles, while the pretended loss of a key 
could afford a dishonest member use which might not be easily 
detected. Vandalism could also be a serious problem. Although 
these problems are not necessarily insuperable, they might be 
very costly to overcome. 

A serious disadvantage of pool hire as an alternative to private 
car ownership is that users could not leave private belongings in 
the car. This is an important factor for shopping and many 
business journeys. Even discounting the problems of operation, 
the convenience of pool hire could never compare with that of 
sole use of a vehicle. 

Interchange arrangements 

Interchange arrangements are often associated with a pool 
system of car ownership in which it is suggested that ordinary 
cars would be prohibited from the central area of a town and that 
the only cars allowed into the town centre would be some special 
vehicles into which drivers would change at interchange points 
located on the perimeter of the central area. It is generally 
suggested that the town centre cars would be owned on some 
pool basis, but it would also be possible to have an interchange 
system linked with the private ownership of town cars. 
Interchange points would have to provide space in which both 
conventional and specialised town cars could be parked, and 
allow easy and immediate access from one type of vehicle to the 
other. Congestion and queueing at the interchange points would 
have to be avoided, for any delay and inconvenience in changing 
cars would off-set the saving in journey times that the specialised 
car was designed to achieve in the town area. The provision of 
interchanges could well present severe practical difficulties, 
which can best be illustrated by looking at the way in which such 
arrangements might apply to London. 

Nearly 400,000 journeys are undertaken every weekday by 
private transport into the central London area.t^’ Of these, over 
a third are journeys to work. Even assuming that the required 
parking space for conventional vehicles at the perimeter did not 

<3> See London Traffic Survey (1962), vol. 1, Chapter 6. l.C.c. 1964. 
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[•■Nti-'L-d ihis liau;i;. Ihc piirkii'a required would be con- 

sidoraWo. For ii small eemral 7o:ie with an ;nei j|ie radius of I i 
to 2 miks. whieh would just av.er Inner London, the length of 
the perimeter ring would be about 12 miles. It would be neeessarv 
to have around this perimeter the equitaieni of over 100 inter- 
change points each capable of garaging l.(X)0 ordinarv ears. 
This would mean six-storey car parks, each covering about an 
acre, every 200 yards, in practice, these parks could be staggered 
to reduce the concentration at the perimeter but the difficulties 
created by the scale of the problem would remain. 

This difficulty could be reduced by moving the interchange parks 
further out. If. for instance, the central zone was of about 5 miles 
radius, far fewer parks would he required at less frequent intervals 
around the perimeter. But additional problems would be created, 
for the majority of people living within the perimeter ring could 
not then easily take advantage of the perimeter interchange parks. 
There were 315.000 such car owners in 1962 among a totai area 
population of 3 millions. If the advantages of town car use were 
not to be denied to these people, they would either have to own 
their town cars, or interchange parks would also have to be pro- 
vided at regular intenals within the central zone. Extensive 
private ownership would of itself show up the inadequacy of 
interchange as an alternative pattern of use, for in these circum- 
stances it would be no more than a supplement to private owner- 
ship. while the provision of parks at reasonable intervals within 
the perimeter zone would considerably increase the cost of inter- 
change arrangements. If on the other hand, parks were not 
easily accessible, users vsithin the central zone would be greatly 
inconvenienced. 

Thus if the central area were limited to the commercial heart of 
the city, the demand for specialised town cars would lead to a 
concentrated ring of large car parks, creating great difficulties of 
cost, administration and space. On the other hand, if in London 
the perimeter ring were set at a radius of about five miles from the 
centre, the adv antages of town car use would be denied to many 
people, unless additional arrangements were made. Either it 
would be essential for private ownership to continue on a large 
scale, or else the overall cost of providing interchange arrange- 
menls would be greatly increased by the need for parks w ithin the 
perimeter area. 

.Although a general interchange arrangement does not seem likely 
to be practicable or useful for the majority of car journeys into a 
town centre, it might provide a useful and workable facility for 
travellers coming to town by car from some way out. Such a 
person might reach the town in a medium or large car, and then 
wish to take advantage by short-term hire of the facilities offered 
by a citycar. As few interchange parks would be required to cater 
for this traffic, there would be less difficulty in siting them; such 
an arrangement might provide a small but valuable supplement 
to the pattern of private ownership and door-to-door use that 
might apply generally to citycars. 
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The concentration and significance of pollutants 
found in streets 

In Chapter 9, figure 9:4 shows the maximum and typical winter 
concentrations of poUutanls found in city streets but for the 
purpose of considering the medical and other aspects of the 
problem it is convenient to deal with pollutants individually. 

1. Carbon monoxide 

Carbon monoxide is a poison. It is colourless and odourless and 
therefore insidious in its action. Measurements in London"' 
have shown mean levels of carbon monoxide of over 50 parts per 
million (ppm) over a ten minute period, levels of over 200 ppm 
for short periods, and peak concentrations of 200 ppm at the 
Bank and 360 ppm on the pavement at Oxford Circus. Surveys 
in Paris, Frankfurt and other European cities also show that 
pollution by carbon monoxide in the street is commonplace. 
Almost any town with a high density of traffic is likely to have 
this problem and where dispersion is poor, for example, in 
narrow streets, fairly high concentrations will sometimes occur. 
The effect of inhaling carbon monoxide is to reduce the ability of 
the blood-stream to carry oxygen to the tissues. Its existence in 
the body is usually measured in terms of percentage of the blood 
that is saturated by it. Much work has been done to show the 
blood saturation under different conditions; a person doing 
moderate exercise in air containing 100 ppm of carbon monoxide 
(the present industrial maximum allowable concentration) will 
reach 8% saturation in one hour and a steady state at 16% in 
2i hours. Walking about in 350 ppm would produce 16% 
saturation in half an hour and 25 % in one hour. 

A lot of work has been done to determine ‘safe’ concentrations of 
carbon monoxide. In the past, this has often meant those concen- 
trations at which the subject developed no symptoms such as 
headaches and giddiness. More recent medical research work has 
shown that lower concentrations (for example, that sufficient to 
lead to 5 to 10% saturation) can affect a person’s ability to per- 
form skilled tasks, such as driving a motor car. Concentrations 
of well over 100 ppm - which can produce 8% saturation within 
an hour - have been measured inside cars. The situation in 
stationary or slow-moving traffic is therefore potentially serious. 
This emphasises the need, particularly where forced ventilating 
systems are used, to draw in air from regions well above and as 
far removed as possible from the exhaust of other vehicles. 

It Is also possible that carbon monoxide, petrol fumes, alcohol, 
etc., might act together and still further impair a driver's ability. 
This and other possibilities are being investigated but at this 
stage no conclusions can be drawn. In the meantime, the effects 
of carbon monoxide alone and the possibility that it miglit be a 
contributory cause of some road accidents lead us to view the 



R. E. Waller, B. T. Commins and P. J. Lawther (1965), Air Pollution 
in a City Sireel. 

H. Moureu (1964), Carbon Monoxide as o Test for Air Pollution in 
Paris due to Motor-vehicle Traffic. 



prospect of growth of carbon monoxide pollution with some 
concern. 

2. Smoke 

Smoke from vehicles can add appreciably to the pollution already 
in the atmosphere. Measurements made near traffic signals at 
busy intersections and also at about 40 and 100 yards from the 
road - where only background levels exist - show that at places 
close to heavy traffic levels of twice the winter background level 
of about 0-3 milligrams per cubic metre may occur. 

Smoke takes various forms. The most common are blue smoke 
from burnt oil and black smoke from diesel engines. Blue smoke 
comes chiefly from worn engines or two-strokes in which the fuel 
mixture contains too much oil. No new engine design considera- 
tions are therefore involved in avoiding this form of smoke. 
Black smoke from diesel engines is objectionable but its effects on 
health and well being are difficult to determine. Tlie smoke exists 
mainly as small particles of carbon but may also contain sulphur 
dioxide, which, in sufficient amounts, can cause bronchial 
irritation. Very black diesel smoke may also contain carbon 
monoxide and hydrocarbons in the form of benzpyrene and 
related compounds. Even if smell and visible smoke are not 
harmful to health, they are nauseating and a possible threat to 
road safety and we consider this to be a sufficient reason for 
reducing this form of pollution. 

3. Hydrocarbons 

Both petrol and diesel fuel consist mainly of hydrocarbons which, 
if burnt completely, are harmless. But some fuel gets through all 
types of engine unburnt and some is emitted in different form 
after complex reactions. Hydrocarbons include a big range of 
compounds but the significance of some of them outweighs the 
rest. The most widely publicised is 3:4 benzpyrene - but the 
investigations carried out by the Air Pollution Research Unit 
show that, except in tunnels, the amount contributed by motor 
vehicles is far less than the general background concentrations 
in large towns. Contrary to popular belief, even the black smoke 
from diesel engines is an insignificant source of this type of 
hydrocarbon. The fact that some hydrocarbons, such as 3:4 
benzpyrene, can cause cancer in animals has led to the allegation 
that they may contribute to the increase in lung cancer. But the 
Air Pollution Research Unit has shown that even in diesel bus 
garages, and despite the presence of diesel smoke, there were 
barely discernible increases in the level of benzpyrene above ^he 
general background level. Furthermore, the patterns of tke 
increases over time of lung cancer and of the use of diesel 
vehicles seem inconsistent with any causal relationship between 
them. We, therefore, think it important to make it clear that 
there is at present no conclusive evidence on which to blame 
either diesel or petrol engined vehicles for the increase in deaths 
from lung cancer. 
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Hjdrocarbons from unburni and Vrackod' fuel mclude those 
which, through photochemical reactions, produce Los .Angeles- 
type smog. But. as e.xplained in Chapter V). vte do not think this is 
likely to create a serious problem in this countr\'. 

4. Sulphur dioNide 

It has been estimated that for the whole of the United Kingdom, 
petrol and diesel engines contribute respecti\ely 1 and 4-2°o 
of the total sulphur dioxide emitted from all sources. We do not. 
therefore, consider it to be an important pollutant from motor 
vehicles at present. But a big reduction in sulphur dioxide from 
other sources and a simultaneous increase in the number of 
vehicles could alter the balance, and the situation should 
therefore be reviewed occasionally. 

5. Oxides of Nitrogen 

The higher the temperature and pressure at which combustion 
takes place, the more oxides of nitrogen are produced. Nitric 
oxide is formed initially and this may be oxidised subsequently 
lo form nitrogen dioxide. The maximum concentration of oxides 
of nitrogen found in London streets - at 0 05 to 1-5 ppm - is 
far below (he maximum safe industrial level and they are there- 
fore not thought to be medically significant. 

In high concentrations, nitrogen dioxide is dangerous as it 
produces deep seated irritation of the lungs. Recent experimental 
work suggests that constant exposure to concentrations of 5 to 
15 ppm of nitrogen dioxide can result in permanent damage to 
the lungs but the concentrations found in air polluted by motor 
vehicles (even that in the Blackwall Tunnel) are vsell below these 
sort of levels. There appears, therefore, to be no direct medical 
hazard from oxides of nitrogen from motor vehicles. But they 
can contribute to the formation of photochemical smog. 

6. Lead 

There are many additives to both fuels and lubricants but the 
most important is tetra-ethyl-lead, which is added to petrol (but 
not to diesel fuel) as an anti-detonant.'-’' It is emitted as lead 
salts. The Air Pollution Research Unit found the mean annual 
concentration of airborne lead in Fleet Street, London, was 3-2 
micrograms per cubic metre, which compares with the industrial 
maximum allowable concentration of 200 micrograms per cubic 
metre. Although lead is a serious poison, the amount emitted 
into the air by motor vehicles is medically insignificant. The 
effects of long term exposure to lead ha%e not, however, been 
established beyond doubt and the position is being carefully 
watched. 

7. Aldehydes 

Some of these compounds are probably responsible for the 
characteristic smell of petrol and diesel exhaust fumes but not 
even the concentrations found in garages approach the levels 
which are medically significant. So far as we are aware no 
practical method of eliminating the odour of petrol and diesel 
exhaust fumes has yet been found. Any such development would 
probably be more a matter of fuel technology than of vehicle or 
engine design. 



()> i.e. to increase the octane rating of the fuel to make it more suitable 
for use in high compression engines. 

J04 
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The causes of pollution from diesel and petrol 
engines 

Much has been written about the causes of air pollution from 
diesel and petrol engines and what follows is intended as no more 
than a summary of the salient points. 

1. Diesel engines 

The principal cause of the emission of excessive smoke from 
diesel engines is over-fuelling, To provide a margin against smoke 
emission, new diesel engines are rated 10-25% below the power 
that would be achievable if ali the air were consumed and there 
is a corresponding reduction in the amount of fuel injected. 
Increasing the fuel injected above the design level (with conse- 
quent production of smoke and possibly carbon monoxide) is 
therefore a temptation to operators. 

All diesel engines are prone to emit some unburnt or partly 
burnt hydrocarbons when starting from cold. The amount depends 
on climatic conditions, engine type and size and the volume/sui- 
face ratio of the combustion chamber. But this type of smoke 
does not usually persist for long and is produced for only a very 
small proportion of running time. 

Inadequate maintenance of an engine (including choked air 
filters, faulty speed governors and excessive bore wear) and 
particularly faulty fuel injection equipment is likely to result in 
excessive smoke. The effect may be continuous or may show as 
puffs of black, blue or white smoke when engine operating 
conditions are changed, e.g. accelerating after prolonged idling. 
Even a weE-maintained engine may, however, have only a small 
margin between a clean and dirty exhaust, so that there is a risk 
that the engine will smoke when over-loaded or because of 
external factors such as changes in air temperature or pressure. 
The fact that changes in weather conditions are sufficient, with a 
finely adjusted engine, to change an exhaust from clean to smoky, 
illustrates the difficulty of achieving consistent standards of 
exhaust cleanliness. 

2. Petrol engines 

One of the main causes of excessive carbon monoxide from 
petrol engines is the use of over-rich mixtures. Mixtures up to 
20% over-rich increase power output on full throttle and are 
often used to improve the power to weight ratio of cars. 
Distribution of fuel to the cylinders is often unequal and a richer 
mixture may be necessary to compensate for this. Extra fuel is 
required when accelerating to compensate for that deposited on 
the walls of the inlet manifold under conditions of low manifold 
vacuum, which discourages evaporation. A rich mixture has been 
widely used when the engine is idling to compensate for dilution 
of the incoming charge by residual exhaust gases at small 
throttle openings. Very rich mixtures are needed for cold starting 
if the air-fuel mixture in the cylinders is to be ignitable. The car- 
burettor is designed to meet all these operating conditions as far 
as possible but the difficulties are such that compromise settings 
are necessary, with the mixture often being considerably richer 
at low speeds than it need be. 



The amount of unbumi and partly burnt hydrocarbons emitted 
by a petrol engine exhaust depends not only on'the richness of 
the mixture but also on two other basic factors - the quantity of 
unbumt fuel which enters the exhaust system, and how much 
additional burning takes place during the exhaust process. 

The quantity of unbumt fuel entering the exhaust system is 
influenced by engine ‘over-run’,"' ‘wall quenching’,"' valve 
overlap and ignition timing. Under over-run conditions an 
appreciable proportion of the fuel passes out of the cylinder 
unbumt; this results in the level of hydrocarbons in the exhaust 
being much greater during deceleration than at any other time. 
Wall quenching occurs under all other operating conditions and 
also results in hydrocarbons in the exhaust. The amount is 
influenced by turbulence and wall temperature but depends 
mainly on the surface to volume ratio of the combustion chamber. 
The effect is worse with small cylinders. Advanced ignition 
timings also result in more hydrocarbons in the exhaust except 
during over-run. Some of the hydrocarbons unbumt in the 
cylinder will be oxidised during the exhaust process but this is 
dependent on high temperature and the availability of excess air 
in the exhaust system. 

Fumes from the crankcase ventilator can make a significant 
contribution to the total of hydrocarbons emitted by the petrol 
engine. They result from piston ‘blow-by'<2> which is influenced 
by many of the variables of engine design and operation. It is 
aggravated by inadequate maintenance and excessive wear. 



Engine ‘over-run’ occurs when the throttle is dosed at high engine 
speed. ‘Wail-quenching’ is the chilling effect on combustion of the 
combustion chamber walls, which results in a thin skin of air/fuel 
mixture remaining unburnt and passing into the exhaust, 
ft) ‘Blow-by’ is the escape of some of the high-pressure gases from the 
combustion chamber, past the piston rings into the crankcase. 
They include the products of combustion and fuel. 
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Glossary of terms used in the report 

Air suspension sjstems 

Suspension systems which utilise flexible airbags or cushions 
located between the axles of the xehicle and the chassis. By 
automatic regulation of the air pressure within the bags, depend- 
ing on the vehicle load, a constant chassis riding height can be 
maintained. 

Coasting noise 

The noise emitted by a free-running vehicle with the engine idling. 
It consists of e.g. tyre to road noise, w heel and suspension noise, 
body resonance and transmission noise. 

Coefficient of road/tyre friction 

The coefficient of friction, w, between the vehicle's tyres and the 
road surface. 

Construction and Use Regulations 

The Motor Vehicles (Construction and Use) Regulations 1966 
made under the Road Traffic Acts 1960 and 1962. 

Directional stability 

The ability of a vehicle to maintain a selected course under the 
influence of external forces, such as strong cross-winds. 

Engine Rating 

The recommended maximum brake horse power to give, with 
proper maintenance, a satisfactory serv ice life. 

Ergonomic reguireoients 

The design and arrangement of, e.g., the controls and the seats 
to suit the human being and to minimise the physical and mental 
effort required to control the vehicle. 

G 

The rate of acceleration of a free falling body = 32-2 ft per 
second, per second. 

Grade separation 

The separation of two roadways, by a fly-over or under-pass, to 
allow traffic on the one road to proceed w ithout interfering with 
traffic on the other road. 

Lateral acceleration 

The sideways force exerted on a vehicle when traxelling on a 
curved path, e.g. when swening or cornering, usually expressed 
in terms of ‘g’- 



Regenerative braking 

A method of braking for electric motors in which the motors are 
operated as generators, by the momentum of the vehicle being 
braked, the electrical energy so generated being fed back into the 
supply or dissipated as heat. 

Retarders 

Hydraulic: A turbine device (similar in principle to a hydraulic 
torque converter) in which a rotor attached to the propeller 
shaft and a stator assembly mounted on the chassis create a 
torque, in reverse direction to the normal driving torque, 
thereby providing a braking effect on the vehicle. 

Electric: A device consisting of soft steel discs mounted on the 
propeller shaft, and rotating between stationary electromagnets 
fixed to the vehicle chassis. The braking effect is obtained through 
eddy currents generated in the rotating discs when the electro- 
magnets are energised by the electrical system of the vehicle. 

Rolling resistance 

The resistance to motion mainly due to deformation of the tyres 
in contact with the road surface owing to the weight of the 
vehicle. 

Rotary combusdoD engines 

Internal combustion engines in which the gas forces, arising from 
combustion in a combustion space formed between a geometri- 
cally shaped rotor and a suitably geometrically shaped casing, 
impart a rotary motion to the rotor. 

Servo system 

A system for magnifying a relatively small effort. 

Star town 

A form of town development to deal with growth and contain 
urban sprawl, Compact satellite towns are developed within easy 
access of the main town centre and in a peripheral ring around it. 

Steering geometry 

The general layout of the steering linkage and its relationship to 
the steerable wheels. 

Thermal efficiency 

The ratio of the work done by an engine to the mechanical 
equivalent of the heat supplied by the fuel. 



Proximity warning system 

A warning system designed to detect and warn the driver of 
the presence of vehicles or obstructions on the road ahead. 
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